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HE connection of aſtronomy with geo- 
graphy is ſo evident, and both in con- 


junction ſo neceſſary. to à liberal education, 
that no man will be thought to have deſeryed'ill 
of the republic of letters, who has applied his 


endeavours to diffuſe more univerſally the know- 


| ledge of theſe uſeful ſciences, or to render the 


attainment of them eaſier; for as no branch of 


literature can be fully comprehended without 


them, ſo there is none which impreſs more 


pleafing ideas on'the mind, or that emacs it a 


ne rational entertainment. 
The fifth edition of my father's treatiſe on the 5 
globes being out of print, 1 was ſolicited to re- 


print it. To obviate ſeveral objections to the 


form in which he had'diſpoſed the problems, T 
was induced to undertake the preſent work, in 


| wich they are atranged in a more methodical 

5 manner, and a great number added to them. 

Such fads are alſo occaſionally introduced, ſuch 
obſervations interſperſed, and ſuch relative in- 

| formation communicated, as it is preſumed will Se 


excite curioſity, and fix attention. | 
Having proceeded ſo far in this work, I 
eng that it was eafy to render it ſubſervient to 
a © Ee my 


ww DS F-AATC I 
my plan of publiſhing, frome: time to time, : 
1 Essavs, DESCRIBING THE USE oF Marnz- 
MATICAL AND Pa1iLosouPIcall Ixsrkunkbrs:“ 
for the deſcription of thoſe which have been con- 
trived to ſmooth the path to the ſcience of 
- aſtronomy, or to facilitate the practice of the arts 
depending on it, could no where be introduced 
with ſo much propriety, as in a work ed | 
treated of it's elementary principles. E 1 

To further this deſign, it was 8 to 
R an introduction to aſtronomy. This is 
divided into three parts. In the firſt, the pupil 
is ſuppoſed to be placed in the ſun, the center of 
the ſolar ſyſtem; from. this ſituation he conſiden 
the motion of the heavenly hoſt, and finds that 
all is regular. and harmonious. In the, ſecond 
part, his attention is direQed:to the appearances 8 


of the planetary bodies, as obſerved from the 


earth. It were to be wiſhed that the tutor would 
at this part exhibit to his pupil the various phæ- 
nomena in the heavens themſelves; by teaching | 
him thus to obſerve for himſelf, he would not 
only raiſe his curioſity, but ſo fix the impreſſions 
which the objects have made on his mind, that by 
proper cultivation they would prove a fruitful 
ſource of uſeful employment; and he would there- 
by alſo gratify that eager deſire after novelty, 
which continually. animates young minds, and 
furniſh them with objects on which to exerciſe 
their Wie 3 * the third. Park: of this 
inmtro- 


* 
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troduction, the received, or Copernican ſyſtem 
is explained; by this ſyſtem, the various phæ- 
nomena of the heavens: are rationally accounted - 
for; it ſhews us how to reconcile the real ſtate of 


things, with the fallacies ariſing from the ſenſes; _ 


and teaches us that the irregularities obſervuble in 
the motion of the heavenly bodies, are for. the 
moſt part to be attributed to the ſituation from 
which they are obſerved. - Aſtronomy, in com- 
mon with other branches of the mathematics, 
while it ſtrengthens the powers of the mind, re- 
ſtrains ir from raſn ee, and difpolis, it 
to a rational aſſent. 8 
The principles of the 8 onen are 
| Pg elucidated in the third effay ; in which, 
various planetariums, lunariums, and tellurians, 
are deſcribed. Theſe inſtruments, though leſs 
eee in their conſtruction, and leſs ex- 
penſive to the purchaſer, than thoſe large ones 
Heretofore made for the ſame purpoſe, are equal- 
Ip, perhaps better, adapted to explain the general | 
principles of aſtronomy.” In deſcribing them, it 
was neceflary to te- conſider many ſubjects which 


placed in another point of view, preſented to the 
: mind under a diffetent form, are generally 

deſeribed in other words, and often with the ad- 

dition of new matter, it is hoped that theſe re- 

petitions, ſo far from being an object of com- 

| Re? walls be found to contribute ta the main 

l 3 a 3 i intention 
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intention. af this work, by e bing further in- 
ſirwQtion, fixing it more deeply in the mind. 
and rendering that obvious, a 1 we 
be found difficult. 8 
One part ſtill Gree wanting; to an intro- 
| FER, treatiſe. on aſtronomy, ſomething that 
would gently lead the pupil to a knowledge of 
the practical part of this ſcience, a branch of 
aſtronomy to which we are indebted for our pre- 
ſent knowledge of the heavens, . by. which geo- 
-graphy has been improved, and by which the 
: -paſlage of Ar over the rrackleſs em facili- 
- dy 1 55 
There is no pare; of att e Clone: more 
age add eaſy, than the meaſurement of the 
relative poſitions and diſtances of inacceſſible 
objets. Vet to the uninſtructed, to determine 
the diſtance of a ſhip on the ocean, to aſcertain 
the height ofthe elouds and meteors that float in 
rhe atmoſphere, to fix che latitude and longitude 
ol places, &c. are problenis that have ever ap- 
peeared to be above the reach of human art: they 
areñ therefore, particularly calculated to engage 
the attention of young minds, and may be uſed 
to encourage diligence, and reward application. 
I ꝰ0bo introduce the pupil to this branch of aſtro- 
of which is ſimple in it's conſtruction, and two 
ef them of ſmall ne By theſe he may 


: 1 the diftance —_— 8 object, the 
on int es | 9 8 * W 925 
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height of a e a mountain, or any 8 = OY 
tion, learn to plot a field, aſcertain the altitude of 

a cloud, a fire-ball, or any other meteor, deter- 
mine with accuracy the hour of the day, the 
latitude or longitude of a place, with many other 
curious problems. In the ſelection of theſe, I 
have to acknowledge the affiſtance I received from 
a very ingenious friend. 

I had intended to ſubjoin to this preface a lit 
of aſtronomical authors, that the reader might | 
know as well where to apply for further informa- 
tion, as the ſources from whence I obtained my 
| knowledge of this ſubject. But the work has : 
ſwelled ſo much beyond my expectations, that 1 
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ADVERTISEMENT. 


| WORKS lately Publiſhed by the AurnOR of theſe Essa vs. 


PR Ws * , 
er 
1 1 4 . > „ — 924 'V W 4 * 


I. ESSAYS ON THE MICROSCOPE, containing a 


| general, but oy ample Huron v ah id MAB, : 


minutely their various Transformations, ſingular Habits, and 
wonderful Economy. A full Account of the various Specie, 
of Hydrz or Freſh-wates/Polype, and of the moſt important 
Diſcoveries that have been made by the Microſcope; a View 
of the Organization of Timber, and the > Configuration of Salts, 


: when examined with high” magnifying Powers ; together with 


a Deſcription of the moſt improved Microſcopes, and the 


| Method of ufng them. Illüſtrated with ga Plates; ornimefited 
with" an e ck 1 Vol. eh Price ORs in 


Boards. | oY 361430 A. GUHW 226 


II. AN ESSAY, ON (ELECTRICITY; explaining clears; 
ls and:fully:the: Principles of that uſeful, Science, deſaribing 
the:varidus Inſtruments that, havenbeen contrived either to 
illuſtrate the Theory, or render the Practice of it entertaining · 8 
The different Modes in which the Electrical Fluid may be 

apphed to the hum Fratnie for Medical Purpoſes; ate dif-! 
tiny and clearly pbinted or and the neceſfary Apparatus 


ha e 10 which is added An Ess ON MAGNETISMe 


Take Fries, 'Bv6."Prite ba, in" Soatds, Hliaftrsted with 


4; LES] rote BY of; ono Stir Avort is og } vis h 


7 Plates. 


e „ £ lo zt Ht mi og: vJ Sen ni bo. * 


III. AN ESSAY ON VISION, briefly, explaining the 
Fabric of the Eye, and the Nature of Viſion, intended for 


the Service of thoſe whoſe Eyes are weak and impaired, ena. 


8 bling them to form an accurate Idea of the State of their Sight, 


the Keats ef preſerving it, together with proper Rules for aſ- 


certaining when SpeRtacles are neceſſary, and how to "os 


them mar. injuring the OW 
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. of forming | rational conceptions of the 


| nature and motion of thoſe bodies that appear in 


the vaſt concave above their heads. Amidſt the 
infinite variety of objects which ſurround them 


on every fide, the heavenly bodies muſt have 


been .arponglt | thoſe which: firſt attracted their 


; - attention. They are of all ohjects the moſt con- 
ſpicuous, the moſt important, and the moſt . 
beautiful. | 


_ Aſtronomy inſtruds 1 us in 1 the laws, or rules, 


a that govern and direct the motions of the hea- 
Ty venly hoſt, It weighs and conſiders the powers 


by which they circulate in their orbs. It ena- 


bp. us to diſcover their ſize, determine their 
| „ diſtance, | 
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2 ASTRONOMICAL ESSAYS. 


diſtance, explain their various phænomena, and 


correct the fallacies of the ſenſes by the light of ” 
7 truth. 


Aftronomy is not merely a ſpeculative es 
it's uſeis as extenſive, as it's reſearches are-ſub- 
lime. Navigation owns it for it's guide: by it 
commerce has been extended, and geography 


improved; and thus it has co-operated with 
other cauſes in the greateſt of all works, the 
diffuſion of knowledge, and the civilization of 
man. os * F 5 3 85 


F *** 
As in order to attain an accurate idea of any 
piece of mechaniſm, it is beſt to begin our in- 


veſtigations by an examination of thoſe parts 
which give motion to the reſt, the primary 
cauſes of thoſe effects for which the machine 


was made; fo the young pupil will more eaſily 
gain a juſt idea of the motion of the heavenly | 


bodies, by. conſidering them as ſeen from the ſun, 
the center of our ſyſtem, and the principal agent 
uſed by the Loxb or NATURE, for conducting and 
| regulating the planetary ſyſtem. _ 


It will not be difficult, after this, to inform him | 
how thoſe appearances are 'to be accounted for, | 


that ariſe from his particular ſituation; by which 
he is forced to conſider the heavens from a point 
which is not in the. center of the ſyſtem, and i is 
5 conſequently the ſource of many apparent itre- 


gularities. This knowledge attained, it will 


bog be Sts to Pe. ro him, that the real and 


. 
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apparent motions. of the heavenly bodies are 
frequently the reverſe of each other. For being 
by this means put into poſſeſſion of the univerſals 
of this ſcience, the knowledge of particulars 
will be rendered facile and clear. 155 


Or THE Solan Srerzu, 48 SEEN BY A. Sric- 
SUPPOSED ro BE PLACED IN ru 


% 


TATOR, 


So. „ 
As the center of the Odem is the only place 


1 which the motion of the Planets can, be 
3 truly ſeen, let us ſuppoſe Ax o0B8ERVER placed 
in the center of the ſun.” In this ſituation he 

will ſee at one view all the heavens, which will 
appear to him perfectly ſpherical, the ſtars being. | 
ſo many lucid points in the concave ſurface of 
the ſphere whoſe center is the ſun; or, in the 
preſent inſtance, the eye of the obſerver. 

Our ſpectator, will not, however, immediately 
conclude from appearances, either that the hea- 
vens are really ſpherical, or that the ſun is in 
the center of that ſphere, or that the ſtars are 
ö all at an equal diſtance from him, having been 


„ previouſſy taught by experience and obſervation, 


that while he remains in the ſame place, he 
Cannot judge properly of the diſtance of ſur- 
rounding. objects, at leaſt of thoſe which are 
| placed beyond the ardinary reach of his \ view; for 
beyond that diſtance, all the principles by which 


ye form our general Judgment | fail, us; and we 
15 A 2. „„ "can 
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can only tell Which! is neareſt, or which is 65 
| theft; either by our own motion, or that of the 
| objects. | £2 N | 
'To illuſtrate. this, let us 1 a en of | 
lamps, to be placed irregularly, at different 
: diſtances from the eye, in a dark night. Now 
If ih this caſe we ſuppoſe the darkneſs to be ſo 
complete, that no intermediate objects could be 
ſeen, no difference in colour diſcerned, nor any 
perception of a convergence towards the point of 
| fight, our judgment could not aſſiſt us in diſtin- 
Suiming the diſtance of one from the other, and 
they would therefore all ſeem. to be at an n equal 5 
| distance from the ſpectator. 5 
For the ſame reaſon, the ſun Sl moon; tie 
Pars and planets, appear to be all at an equat | 
diſtance from us; though | it is highly probable, | 
that ſome of the ſtars are many millions of times 
nearer to us than others. The ſun is demonſtra- 
ted to be nearer than any of the ſtars. The 
moon and ſome of the planets are known by 
ocular proof t to be nearer to us than the ſun, 
5 becauſe they ſometimes come between it and 
5 our eye, and hide che whole, 'or a great part of 5 
his diſk, from our view. They all, however, 
appear equally diſtant, and as if placed in the 
- ſurface of. a ſphere, whereof our eye is the. i 
| center. In whatever place, therefore, the ſpec- | 
\ fator_ reſides, whether it be on this earth, in the 
Jun, e or in the N of Saturn, he will conſider 
| Le: that. 


W 


— | 


that place as the middle point of the univerſe, 


and the center of the world; for it will be to | 
him the center. of a ſpherical ſurface, in yhich, 

all diſtant bodies appear to be placed. 
\-. Here the tutor will find his ia in 
Wyſtrating this ſubject by actual experiments on 
real objects, and thus extending the ideas of his 
pupil. Young people ſhould be taught to gain 
as much information as poſſible from ſenſible, 
images; by theſe their mind would be gradually 
led to feel it's Powers, and ſoon learn to correct 
thoſe errors which are induced into it by appear- 
ances, derived only from the ſenſes No man 
can at once convey light in the higher ſubjects to 
another man's underſtanding. It muſt come 
into the mind from it's own motions, within, 


itſelf; and the grand art of philoſophy and edu- 


cation, is to ſet the mind in action, and even 
when we think ee af it, to 1 50 it in it's 
labour. x — 9; ta 

-  , Fheſe things being des * ah 1 | 
| aa to conſider the obſervations of the 
ſolar ſpectator; to whom, as we have already 
obſerved, the heavens will appear as the ſurface 

of a concave ſphere, concentrical to his eye: in 
this ſurface he will diſcover an innumerable hoſt 
of fixed ſtars, which will for ſome time engage 
„ 489 before 5 diſcovers that ads wk = 
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be diſtinguiſhed into two kinds; the one diſ. 
perſed through the whole heavens, differing i 1n 
their degree of brightneſs, but remaining always 
at the ſame relative diſtance from each other. 
Theſe he will therefore call rixtD sT4Rs, or only 
STARS. | Beſides theſe, he will find ſome others 
moving among the foregoing. with different 
velocities,” which he will —_ WANDERING ene 
or PLAN ETS. „0 f le | 
Here, however, it may be proper to obſerve, 
that what we call the ſky, i in which the heavenly 
bodies ſeem as it were to be fixed, is no real 
ſubſtance. If there Was no atmoſphere furround- 
ing our earth, whoſe particles might reflect other : { 
rays of light to our eyes, than thoſe which come 
directly from the ſun, all parts of the heavens, . 
even at mid-day, would be dark, and the ftars' 
be viſible at noon. But as our atmoſphere 
- abounds with particles capable of reflecting light 
cvery way, ſome of it will fall upon our eyes 
whitherfoever they are directed; from the nature 
of this reflection, we receive the idea of colour, 
and the mind immediately imagines a ſubſtance 
wherein it may reſide; in the ſame manner, the 
regular reflection of light from an object in a 
looking glaſs, is combined by the mind into an 
image of that object. Mr. de Sauſſure, when on 
the top of Mount Blanc, in Savoy, ( mountain 
which is elevated 1 5673 feet perpendicularly 
above. the 15 WG where conſequent y the atmo- 
: WE ſphere 


A 
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1 15 e muſt be much rarer than our's, ſays, that 
the moon ſhone with the brighteſt ſplendor in 

the midſt of a ſky as black as ebony; while Jupi- 

ter, rayed like the ſun, roſe ROW behind the 
mountains inthe eaſt. ? 5 


Or THE CeLeSTIAL SIGNS AND CoxsrrrTarioks. 


e proceeded thus far, our br pectator will 
x endeayour to find out ſome method of diſtin- 
- ing the. ſtars from each other; concluding, 
. that a as s they do not change their relative poſitions + 
one to the other, he may make an exact deſcrip- 
tion of them, and by repeated obſervations 
determine the poſition me onde which. ſubſiſts | 
among them. | 

That he may avoid confuſion i in 8 
7 and be able to point out any particular ſtar, with- 

out being obliged to give a name to each, he will 


| | divide them into ſeveral parcels; to each of theſe 


parcels he will aſſign a figure at pleaſure; theſe 
: aſſemblages, or groupes of ſtars, he will call ; 
| CONSTELLATIONS, Thus a number of ſtars near 
the north pole is called the bear, becauſe the 
ſtars which compoſe it are at ſuch diſtances from 
| each other, that they may fall within the figure 
of a bear. Another conſtellation is called the 
| ſhip, becauſe that collection of ſtars which com- 
5 DR. it, is 1 upon a celeſtl Woe 5 
| | 1 5 Noa 0 


i: > SY: : s 5 1 
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as wk within ſome 8805 of the figure, of ' 
a 9 1 
The Al viſion of the ftars into confteticions is 
of the higheſt antiquity; there are no books fo —_ 
ancient, in which the heavens are at all conſi- 
| dered, but we find them treated of 33 diſtin, 
guiſhed into conſtellations; Heſiod and Homer 
mention ſeveral by names that are now known, 
and we find Job ſpeaking of Orion and the 
Pleiades. It was not from ignorance” that the 
moſt ancient people aſſigned them the names of 
D men and beaſts; they had inmany things, reaſons _ 
© . which are not common to us, and it was ſo in 
T this; And thofe Who attend to the uſe and applis 8 | 
cation of the images drawn from natural objects. i 
in the ſcriptures, will not find it difficult to de- 
cypher the hieroglyphic language of the heavens; - 
8 and they. will alſo find ir a Hieakinge ſoutce of | 
rational entertainment. 4 [ 
As the fixed ſtars will appear to our bett of Ve 
DE E degrees of magnitude and fplendor, ne 
bes will divide them 1 into ſix different claſſes. Thoſe: - 
| which ſeem the largeſt and brighteſt, he will call 7 
| ſtars of the firſt magnitude ; the ſmalleſt that we 
A, can ſee with the naked « eye, are called ſtars of the 85 
ſixth magnitude; and the intermediate ones, AC- 5 5 
| \ cording to their different apparent ſizes, he will Rd 1 
#26 call of the ſecond, third, fourth, or fifth mag 
nitudes. Thoſe ſtars which cannot be ſeen 
without the aſſiſtance of a teleſcope, * are not 


reckoned | 


— 
— 
* 


— 
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reckoned in any of theſe claſſes, and ae called 


| TELESCOPIC STARS. 
By a knowledge of * bed wn hk -Y 
poſitions, aur obſerver will obtain ſo many fixed 
points, by which he may obſerve the motions of 
the planets; and the relation of theſe motions to 
each other, he will uſe them as ſo many land- 
marks (if the word may be allowed). by which 
the ſituations of other celeſtial bodies may be 
aſcertained, and the varieties to Which they are 
ſubject be obſerved. For ſrom the ſame place, 
the motions of the heavenly bodies can only be 
eſtimated by the angle formed at the ſpectator a 
oye! wy the 1 which the me e cas 
Pg PAR s bes. hg ors ao 85 
uſed; and conſidered as ſo many luminous points 
fixed in the concavity of a ſphere, whoſe radius 
is indefinite, and of which the obſerver's eye is the 
center. We may learn from hence the neceſſit _ . 
of farming an exact catalogue of the ſtars, and 
of determining their poſitions with accuracy and 
care. With ſuch a e * 1 f 
aſtronomy begins. e 8 
Although to choſe 3 are nag - 
| eee of celeſtial obſervation, it might at 
_ firſt fight appear almoſt impoſſible to number the 
ſtars; yet their relative ſituations have been ſo 
carefully obſerved by aſtronomers, that they have 
not only been numbered, but even their places 


\\ 


ö : 7 
r) 2 I 


| es only whether any of the ſtars periſh, and 
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inthe heavens 1 been aſcertained with greater 


accuracy, than the relative ſituation of moſt 


| oo on the ſurface of the earth. hn 


The greateſt number of ſtars that are vifible to 
the naked eye, are to be ſeen on a winter's night, 
when the air is clear, and no moon appears. But | 
even then a good eye can ſcarce diſtinguiſh more 


than one thouſand at a time in the viſible hemi- 


ſphere: for though on ſuch a night they appear 


to be almoſt innumerable, this appearance is a 


tranſient and confuſed manner; whereas, if we 
view them diſtinctly, and only conſider a ſmall 
ion of the heavens at a time, and after ſome 


attention to the ſituation of the remarkable ſtars... 


contained in that portion, begin to count, we 


ſall be ſurprized at the ſmallneſs of their num... 


ber, and ah 9255 e PR oO park enu- 


merated. 0 
8 he Rhpdiah, ewe al ae 
Aa years before the birth of Chriſt, was 


the firſt among the Greeks wha reduced the ſtars 
into a catalogue; d. 
to undertake a thing, which ſeemed to ſurpaſs. 
the power of a divinity ; that is, to number the 

| ſtars ſorpoſterity, and to reduce them into order; 


ing, according to Pliny, 


_ e contrived inſtruments, by which. he. 
marked the place and magnitude of each ſtar, 
So that by theſe means we can caſily diſcoyer, 


others 


* 2 
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others grow up; but alſo whether they move, and 
if ſo, the direction of their motion, whether they 
increaſe or diminiſh ;' thus putting poſterity in 
ſleſſion, as it were, of the heavens.” His cata- 
logue, firſt adopted by Ptolemy, contained only | 
1026 ſtars. : Since that time the liſt has been 
conſiderably augmented, and is daily receiving 
freſh- increaſe, 10 ThE TO of tele 
er an e 
Several aſl wk hab; followed Hipparchus 
mae ſame arduous undertaking. In 1603, J. 
Bayer publiſhed celeſtial charts of all the known 
conſtellations, and of the viſible ſtars of which 
they arecompoſed. In theſe charts every ſtar is 
diſtinguiſhed by a letter. The largeſt ſtar in the 
conſtellation is marked with the firſt letter of the 
Greek alphabet; the next in apparent ſize is 
marked with the ſecond letter, and ſo on. If 
there are more ſtars in the conſtellation than there 
are letters in the Greek alphabet, he marks the 
remainder with the letters of the Roman alphabet. 
When a ſtar is mentioned with the Ttters of the 


| -Greek or Roman alphabet, it is always with the 


addi tional name of the conſtellation to which it 
belongs; and thus to thoſe who are acquainted 


with the figures of the conſtellations, and with 


Se the catalogue of fixed ſtars, it becomes as deter. 
minate a denomination, as if the ſtar was called by 


5 5 ba Proper Hg and ad es. 42,1096 is anſwered 5 


in : 
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in a more familiar manner, and With leſs burthen 
upon the memory. Among the various cata- 
logues, the moſt copious and as generally eſteem- „ 
ed the beſt, is that called Tora en a 
| dur countryman, Flamſteed. Z 
The number of the ancient e 1 
1 483 in-theſe were included: 1022 ſtars... Many 
. conſtellations have been added by modern aftro- 
nomers; ſo that the catalogues of Flamſteed and 
De laGaille, when added together, are found to 
2 contain near five thouſand ſtars. The names of 
the. conſtellations, their ſituation in the heavens, 
Virh other particulars, are beſt learned by 3 
in che artificial ee of onde 5 
/ ͤ bd both longe tft 
Ihe galaxy or making: muſt . 
; F is one of the maſt remarkahle appearances in 
the heavens; it is 4 broad circle of a whitiſi 
' mus; in ſome places it js double, but for the moſt 
part conſiſts of a ſingle path farrounding the 
Whale celeftial concave. 10 porridge PR 
heavens which this Adds og, 8 
every where filled with an infinite multitude of 
exceeding ſmall ſtars, too finall to be diſcovereſi 
ib the gaked eye: but by the combination of 
Aheir light diffuſing a ſhining whiteneſi through 
- the heavens; Mr! Brydone ſays, that when he 
> e 855 e e nay 
n | „„ RING - 


as 


A 
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. had 955 bad Benin ful effect, appearing like 2 
pure flame that ſhot acroſs the heavens. pe Las 
This idea of the milky way, that it is formed 
of an innumerable chifter of ſmall ſtars, is not, 
however, newz for among the various conjec- 
tures of Manilius, we find the follewing: © | 
* Or is the ſpacious band ſerenely briglit 
From little ſtars, which there their beams wit 
TONE form one ſolid and continu'd' light? . 
The ſtars appear of a ſenſible magnitude to the 
naked eye, becauſe the retina is not only affected 
by the rays of light Which are emitted directly 


from them, but by many thouſands more, which, | 


falling upon our: eyelaſhes, and upon the viſible 


| aerial particles about us, are reflected into our | 


eyes ſo ſtrongly, as to excite vibrations, not 
| only in thoſe points of the retina, where the real 
images of the ſtars are formed, but alſo in other 
parts round about it. This makes us imagine 


the ſtars to be much bigger, than they would be 


if we ſaw them only by the few rays Which come 
directly | from them'to our eyes, without being 
intermixed with others. Any one may be made 
ſenfible of this, by looking at a ſtar of the firſt 
magnitude, through a long narrow tube; which, 
though it takes in as much of the ſky as would 


hold 4 thouſand: we Re 5 ſearce 1 


12 e one viſible.” © . 


The number of me ſtars almoſt infinitely ex- 
ceeds what we have yet been ſpraking of. An 


5 | ordi 


—— 
. c 
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ordinary teleſcope will diſcover, in ſeveral parse 
the heavens, ten times as many ſtars as are viſible 
to the naked eye. Hooke, in his Micrographia, 
ſays, that with a teleſcope of twelve feet he diſ- 
covered ſeventy-eight ſtars among the Pleiades, | 
and with a more perfect teleſcope, many more. 
Galileo reckoned cighty in the ſpace between the 
belt and the ſword of Orion, and above five 
| hundred more in another part of the ſame conſtel- ; 
htion, within the compaſs of one or two degrees — 
ſquare. Antonia Mar, de Rheita counted in 1 
| the ſame conſtellation above two thouſand ſtars. 
Future improvements in teleſcopes may enable 
us to diſcover numberleſs ſtars that are now in- 1 
viſible; and many more there may be, which are = —- 
too remote to be ſeen through teleſcopes, even 
when they bave received their ultimate improve 
ment. Dr. Herſchel, to whoſe ingenuity and 
| aſſiduity the aſtronomical world is ſo much. i in- 
debted, and whoſe enthuſiaſtic ardor has re- 
vived the ſpirit of diſcoveries, of which we ſhall 
ſpeak more largely in another part of this eſſay, 
has evinced what great diſcoveries may be made 
by i improvements. in the inſtruments of obſerva- 
tion. In ſpeaking here of his diſcoveries, 1 
| ſhall uſe the words of M. de la Lande.“ 4 In 
ft ing rapidly over the heavens with his new = 


Lee d the univerſe increaſed under his eye; 


._ _* M:zmoires ds VAcadzmic de Dyon, 1783. 


— 
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44000 ſtars, ſeen in the ſpace of a few degrees, 


ſeemed. to indicate that there were ſeventy-five- 


millions in the heavens.” le has alſo ſhewn 


that many ſtars, which to the eye, or through 
ordinary glaſles, appear ſingle, do in fact conſiſt 


of two or more ſtars. The galaxy or milky 

way owes it's light entirely to the multitude of 

ſmall ſtars, placed fo cloſe as not to be diſcover- 
able, even by an ordinary teleſcope. The ne- 


bulæ, or ſmall whitiſh ſpecks, diſcerned by 


means of teleſcopes, owe their origin to the 


ſame cauſe; former aſtronomers could only 
reckon 103, Dr. Herſchel has diſcovered up- 
wards of 1250 of theſe cluſters, beſides a ſpecies 
which he calls planetary nebulz. But what are 
all theſe, when compared to thoſe that fill the 


whole expanſe, the | boundleſs fields of ether! 


* 


Indeed, the immenſity of the univerſe muſt 


contain ſuch numbers, as would exceed the Uk. 
molt ſtretch of the human imagination. Far 


| who can fay, how far the univerſe extends, or 


her, e are the limits of it? where the Creargs 
ſtayed © his rapid wheels; or e he © * fixed 
the golden wander . | 


o TUE Pavers, a8 Ei FROM THE Son. 


05 ſolar obſerver baving attained a compe- 5 


tent knowledge of the fixed ſtars, will now apply 
himſelf to conſider the planets: theſe, as we 
_ ave 12 55 5 obſerved, 9 Fay ſoon e 

e 
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by their motion; From the fixed ſtars ; the ſtars 


always remaining in their places, but the planets 


will be ſeen pafſing by them with unequal velo- 


cities. Thus on obſerving the earth, for in- 
ſtance, he will find it moving among the fixed 
Nars, and approaching nearer and nearer to 


the more eaſtern ones; in à year's time it will 


| complete it's revokution, a return tothe faitic | 


your again. 


He will find ſeven of theſe . ee 


ound che ſun, to each of which he will aſſign 


A name, calling the ſwifteſt Mrzcury, deno- 5 


| 'minating t the others in order, according to their 


velocities, as Vexvs, then the Eaxrn, and af. 
terwards Maxs, Jervis, Serocn, and 5 


Gron6rom Srpus. 


"Proceeding with de in wit exiting 5 


N examining "the Heavens, he will perceive” 


chat the carth is ach accompanied by a ſmall . 
5 Rar, e by four! Saturn by five,“ and the 


gi m n Sidus by two: theſe ſometimes pre- 
| Yeh 
Fry behind the planets they reſpectively attend. 


Theſe ſmall bodies he will call SECONDARY: 5 


e SATELLITES, OF MOONS. _ _. 5 
I be obſerver, by remarking the exact time 
hen each planet paſſes over ſome fixed ſtar, and 


7 dhe time Nr o their rn. out, to 


8 35 3 95 DIES Fo . Ea their 
* Pr. Herſchel hs diſcovered =. 3 
t on Saturn. N ; 


« 
A 

4 
2 
I 
% 
2 


ters follow; now paſs before, and bi 
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their return to the ſame ſtar again, will find the 
times elapſing between each ſucceſſive return of 
the ſame planet to the ſame ſtar, to be equal; 
and he would ſay, that the ſeveral planets 
deſcribe circles in different periods; but that 
each of them always completes * own Kreis in 
the ſame ſpace of time. 505 bly 
He will further obſerve, that hows are certain 
bodies; which at their firſt appearance are ſmall, 
obſcure, ill defined, and that move very flow, 
but which - afterwards increaſe in magnitude, 
light, and velocity, until they arrive at a certain 
ſize, when they loſe theſe properties, and di- 
miniſn in the ſame manner as they before aug- 
mented, and at laſt diſappear. To theſe bodies, 
which he will find in all the regions of the hea= 
vens, moving in different n be: will 
| ge ee : DE LO IRE 


Or THE Paris or THE: Praners. | 


5 Onioblarves will 5 notice, that the 1 
run ſucceſſively through thoſe conſtellations 
which he has denominated, Aries, Taurus, 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, 
Sagittarius, Capricornus, Aquarius, Piſces; and 
that they never move out of a certain ſpace, or 
— zone, of; the e which ra ml call the 
75 ZODIAC. | 
Hle will find, by „ in is W e 


| that the n of 118 $5 are not allincheſame 


r 
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wine; but. that they croſs each ker fin different b 
parts of the heavens; ſo that if he makes the 
orbit of any one planet a ſtandard, and conſiders 
it as having no obliquity, he would judge the 


paths of all the reſt to be inclined to it; each 


planet having one half of it's path on one ſide, 
and the other half on the oppoſite ſide of the 
ſtandard path, or orbit. Aſtronomers generally 
aſſume the earth's orbit, as the ſtandard from 
which to compute the inelination of the others, 


and call it the tcLypTIC. The points where the 


orbits interſect each other, are called the vopks. 
| "THE inerten "of the dc to each other, 
tion. by tnking » as many . as there a 


Planets, with a wire en, ne ach, wy 


eby joined to that hoc 
ecliptic; the other hoops may be then ſet more 
or leſs ,obliquely 19 the repreſentative. of the 
ecliptic. 

The ſeveral orbits do'not croſs or interſeck the 
eclipric in the fame point, or at the fame angles; 
bur their nodes, or interſec ions, e e e gd 
mu of the ecliptic. © 4 1 

It ſhould, however, be obſery Hers, tat in 
ſpeaking of the orbits of the planet „ nothing 
more is meant by this term, than'the paths they: 


pals 8 in the _ qe in which they 
«01% 111 Wives - 


7 . 
* 
1 * 
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move, and in which they are retained wells a cer 


leſtial but continuous mechaniſm. 


Or Tre Morton OF THE Prauxrs ROUND 


THEIR Axis. 


the ſurface of the primary planets, our ſolar ob- 
ſerver will find, that ſome parts, or sPoTs, are 


more obſcure than others. By continued obſer- 


vation be will find, that theſe ſpots change their 
places, and move from one ſide of the planet 20 


the other; then diſappear for a certain ſpace 


of time; after which, they again, for a while, 
become viſible on che ſide where they were firſt 
ſeen, always continuing the {ame motion nearly 


in an uniform manner. The diſtance between 
the ſpots grows wider as they advance from the 


edge rowards the middle of the planet, and thes. 
_ grows narrow again as they paſs from the middle = 
tothe other edge. The time they are ſeen on the 
planet 's diſk, is ſomeu hat bela ne dine 
their diſappearancſe. 
From theſe eee e he we) 8 . 
firſt, that theſe. ſpots adhere to the body of the 


planct, and fecondly, that each planet is a globe 


turning on it's axis, and has conſequently two 
Motions, one whereby it is moved round it's axis 
n a ſhort time, the other by en it e 


round the ſun. 
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ear" a large ſphere. * The firſt of theſe motions, 
or that of a planet round it's axis, is called the 


DIURNAL MOTION; and the ſecond, or it's revo- 


lution round the ſun, is called the ANNUAL 
MOTION. 


- 


The tutor may in ſome meaſure realize to his 
pupil the foregoing heliocentric phænomena, by | 


plate I. fig. 1, of the ſolar fyſtem ; or ſtill much 
better, by means of a planetarium: for by ſup- 
poſing himſelf on the braſs ball which repreſents 


the ſun, he will ſee that all the planets move 
round him in beautiful and harmonious order: 


If on account of their diſtance he refers their 


motions to the fixed ſtars; he will ſee how fea- 
dily the periods of their revolutions may be 
obtained, by obſerving the time that elapſes be- 
tween their ſetting out from any fixed point, or 


tar, and their returning to the ſame again. He 


will alfo ſee, that if the paths of the planets were 


In one plane, as in the inſtrument, they would 
all be transfe red to one circle in the heavens. 


When he underſtands theſe particulars, la 


tutor may proceed to ſhew him that theſe mo- 


tions, which are ſo regular when viewed from the 
ſun, become intricate and perplexed when viewed 
from the earth; and infer from thence, that when; 


er © we examine the works of, the Deity at a 


proper point of diſtance, ſo as to take in the 


hole of his deſign, we fee nothing but unifor- 


. beauty; Pa e Thus the hea- 
3 ns vens 
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vens preſent us with a plan, which, though 
inexpreſſibly magnificent, is yet regular beyond 
the power of invention; and the volume of the 
univerſe will be found to be as perfect as it's 
author, containing mines of truth for ever open- 
ing, fountains of good for ever flowing, an 
endleſs ſucceſſion of bright, and ſtill brighter 
exhibitions of the glorious godhead, anſwering 
to the nature and idea of infinite fulneſs and 
perfection. ; 
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r THE . or THE Huavane AS 
s EN FROM Tas EanTHy 


IE various appearances of the celeſtial 
bodies, as ſeen from the earth, are the 
facts which lay the foundation of all aftrono- * 
mical knowledge. Jo account for, and explain 
them, is it's principal bufineſs: a true idea of 
theſe phenomena is theyelore a neceſſary ſtep 
to a knowledge of aſtronomy. 5 


Or THE APPARENT Morion or THE Sux. 


The firſt and moſt obvious phænomenon i is 
the daily rifing of the ſun in the caſt, and his 
ſetting in the weſt; after which the moon and 
ſtars appear, ſtill keeping the ſame weſterly 
courſe, till we loſe ſight of them altogether. . 

This cannot be long obſerved, before we muſt 
alſo perceive, that neither the ſun nor moon 


always riſe exactly at rhe oe point of the 
heavens. 


1 # GE 1 — 
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heavens, If we commence our obſervations of 
the ſun, for inftance, in the beginning of March, 
we ſhall find him appear to rife more to the 
northward every day, to continue longer above 
the horizon, to be more vertical, or higher, at 
mid-day; this continues till towards the end of 
June, when he moves backward in the ſame 
manner, and continues this retrograde motion 
till near the end of December, when it nen to 
move forwards, and ſooůowtn. FOG 
It is this change in the fun's place, inns 
Bons him to riſe and ſet in different parts of the 
horizon, at different times of the year. It is 
from henee that his height is ſo much greater in 
ſummer, than in winter. In a word, the change 
of the ſun's place in the heavens is the eauſe of 
the different length in the * and anne and | 
the viciſſitudes of the ſeaſons. 
As the eee eee ie motion 
is of great importance, and a proper conception 
of it abſolutely neceſfary, in order to form a true 
idea of the phænomena of the heavens, the reader 
will excuſe my dwelling ſomething longer upon 
it. If on an evening we take notice of ſome - 
fixed ſtar near the place where the ſun ſets, and 
obſerve it for ſeveral ſucceſſive evenings,” we 
hall find that it approaches the fun from day to 
day, till at laſt it will diſappear, being effaced 
by his light; though but a few days before it was 
at a ſuffieĩent diſtance from him. That it is the 
EE | we = + 
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fun which approaches the ſtars, and not the ſtars. 
the ſun is plain, for this reaſon; the ſtars always 
riſe and ſet every day at the ſame points of the 
horizon, oppoſite to the ſame terreſtrial objects, 
and are always at the ſame diſtance from each 
other; whereas the ſun is- continually changing 
both the place of it's riſing and gt and it's 
diſtance from the ſtars. - 

Ihe ſun advances nearly one 8 ens SG 
moving from weſt. to eaſt; ſo that in 365 days 
ve ſee the ſame ſtar near the ſetting ſun, as was 
obſerved to be near him on the ſame day in the 
preceding year. In other words, the ſun has 

returned to the place from whence he ſer our, 
or made what we call his annual: revolution. - 
| We cannot indeed obſerve the Shs | 
2 among the fixed ſtars, becauſe he darkens the 
hbeavens by his. ſplendar; and effaces the feeble 
light of thoſe. ſtars that are in his neighbour- 
hood; but we can obſerve the inſtant of his com- 
ing to the meridian, and his meridional altitude; 
we can. alſo compute what point of the ſtarry 
heaven comes to the ſame meridian, at the ſame 
time, and with the ſame altitude. The ſun muſt 
be at that point of the ſtarry heavens thus diſco- 
vered. Or we can obſerve that point in the 
heavens, which comes to the meridian at mid- 
night, with a declination as far from the equator 
on one ſide, as the ſun's is on the other ſide; 
and it is evident, the ſun muſt be in that part of 
. "> rlie 
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bp heavens; which is diametricall y oppoſite ' to 
this point. By either of theſe methods we can 
aſcertain a ſeries of points in the heavens, through 
which the fun toi WO a circle n 
the ECLIPTIC,® ; 


— 


; ; 15 1 27 ; « +4 FE, 
Or Tar arpareNT PraNOMENA of THz Moog. 


The motion of the moon through the heavens, - 
and her appearance therein, are {till more re- 
markable than thoſe of the ſun, and engage 
the attention © by the nightly changes in her 
_ circling orb. At the new moon, or when ſhe 
firſt becomes viſible, ſhe is ſeen in the weſtern 
part of the heavens, at no great diſtance from 
the ſun. She increaſes every night in ſize, and; 
removes to a greater diſtance from the ſun, till 
at laſt ſhe appears in the eaſtern part of the ha- 
rizon, when the ſun is diſappearing in the weſt- 
ern. After this, ſhe gradually removes further 
and further eaſtward, till at laſt ſhe ſeems to ap. 
Proach the ſun as nearly in the eaſt as ſhe did 

before in the weſt, and riſes a little before him 
in the morning; whereas in the firſt part of her 
courſe ſhe ſet in the welt, long after him. All 
theſe different appearances happen in the ſpace 
of a month; after which they re-commence. in 
the ſame; manner. Sometimes half-reſtoring 
| mn wigs: her "ORs ne lometimes 
»The e of this definition of the Ts ih 
that given in page 0 will be ſeen hexeafter, | 
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waning into dimneſs, Os Sage m— 
the nocturnal gloom.” 1 
Ihere eee eee e 8 
appearances, particularly in harveſt-time; when 
the moon appears for ſeveral days to be ſtationary 
in the heavens, and to preſerve nearly the ſame 
diftance from the ſun; in conſequence of which, 
ſhe riſes at that ſeaſon of the RO oy at. _ 
pong for nnen Fee a ap35e 


o aur APPARENT. Mories or in Stazs. 5 
In contemplating nen it is obſerved thats 
ſome among them have the ſingular property af 
eirher riſing in the caft, nor ſetting in the weſt; 
bert ſeem to turn round one immoveable point, 
near Which is ee eee ae g N 5 
aun. Or FOLE- STAR. D922 ON CASEY . 
This point is more or {efs land; pt 
to the part of the earth fre which it is viewed. 
Thus to the inhabitants of Lapland it is muenk 
more vertical, or elevated above the horizon, 
than wien us: we ſee it mor elevated than the 
inhabitants of Spain: and theſe again ſee it more 
elevated tian thoſe of Barbary. By continually 
travelling fouthward, we'ſhould at laſt ſee the 
pole ſtar depreſſed to the horizon, and the weben bz 
8 pole would appear in the ſouth part of the 
Horizon; round which the ſtars in that ie 
would SPY There is, however, no ſtar in 


ä as 
that 
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that 1 rn 
Aill to travel fouthward, the north pole would 
: diſappear; and the whole hemiſphere 


ee ſeem to turn round a ſingle point in the. 
ſouth, as the northern ee e e to 
turn round the pole ftar... 

The general appearance, hen of hs 
Aarry heavens, is that of a vaſt concave ſphere 
turning round two fixed points (diametrically 
oppoſite to each other: the one in the north, the 
ibn in the ſouth) once in twenty-four hours. 
Hence it is that the ſtays; though they keep 
the ſame” relative. paces with reſpect to each 
other, yet change their ſituation very ſenfibly 
With reſpect” to the horizon; ſome. riſing above, 
others deſcending below it; ſome that were 
invisible, now becoming viſible; while, on the 

other hand, many are diſappearing. Some 
never deſcend below the horizon; althaugh as 
they turn round, they are ſometimes nearer to, 
at others further from it, deſcribing whole circles 
about a point above it. If the: obſerver turns 
 thimfelf round, he will find ſome ſtars riſe only - 
as it were to e mee pr sg | 
wee and o_mE rene Nes fea £145 


2 3 0 


22 8 . 


ee ApPrABANCES, or rar Piaxrrs. pos . 


| ae d Wannen there are other bodies 
in the heavens, which are continually changing 


en Rs both with oe to the ſtars, and 
K | 3 one 
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P 


one another; theſe are called yLAx ITS. They 
move among the ſigns of the zodiac, never de- 
parting far from the ecliptic. Their apparent 
motion is very irregular, confuſed, and per- 
plexed; ſometimes they appear as going for- 
OO ſometimes Poems and at others | 
are ſtationary. 8 228 
- Mzzcury; emits a ! abies 1 Fr 
Idris ſon near the ſun, that he is very ſeldom 
viſible ; and when he does make his appearance, 
his motion towards the ſun is ſo ſwift, that he 
can only be diſcerned! for. a ſhort time. He 
appears a little after ns * Nee a little 
beſore ſun-riſe. FCC 
Vxxus s the moſt beautiful Wen ce 
Fame the names of the morning and even- 
iüng ſtar. She alſo, like Mercury, keeps near the 
ſun, though ſhe recedes from him. much further, 
and like him, is never ſeen in the eaſtern quarter 


| 
| 
11 
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[ 4 of the heavens when the ſun is in the weſtern; 5 

1 bur always either attends him in the evening, or 

| gives notice of his approach in the morning. 

| Mans is of a red ſiery colour, giving a much 

ö àuller light than aun. though be em | 


— WW. 


ſubject to the ſame mie any in lp motions as 
Venus and Mercury, but appears ſometimes very 
' -- * maar the ſun, at others at a greater diſtance from 
him, er when babe 1 ne 9 en when 8 
| horiſes, HY 0: 3 SEEMED LS. N 
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Jorirxn and'SATURN likewiſe often appear at 
great diſtances from the ſun. The former ſhines 
with a bright light, the latter with a pale: 
faint one. The motion of Saturn among the 
fixed ſtars is ſo flow, that: unleſs carefully 
obſerved, and that for ſome time, he will not 
be thought to move at all. 1 
The Grorctun Sipus is the planet 4b 
vered by Dr. Herſchel. It is reckoned to be 
twice the diſtance of Saturn from the ſun, but 
cannot be Hy nes eee re eee 
ow a teleſcope ? d οποu 21 191, nat 
From the preceding ase n wi 
may eaſily learn to diſtinguiſh all the planets. 
For if after ſun-ſet he ſees a planet nearer the 
eaſt than the weſt, he may conclude that it is 
neither Mercury nor Venus; and may determine 
whether it be Saturn, Jupiter, or Mars, by the 
colour and light; by which, oy Set, 
N between Venus and Mercury; 
That the light of each planet has e 
tinge; and that there are certain fixed ſtars that 
have the ſame tints, was known to the Chal- 
dæans. It is an obſervation beſt verified in thoſe 


countries, where the air is cleareſt. 


Beſides the motions: which we obſerve in- all. 
the planets, their apparent magnitudes are very 
different, at different times. Every one muſt 
have obſerved, that Venus, though ſhe con- 
_— os mY great ſplendor, is not al- 
ESE + ways 
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ways of the ſame ſize: but this difference: of % 
magnitude is moſt conſpicuous in Mars, it is 
remarkable in ee * dal io; in _— 
and Mercury. 

The only p homomena vifdle to 1 unaſſiſted | 

ſight, beſides thoſe already deſcribed, are thoſe 

unexpected obſcurations of the ſun and moon, 

called zcLIP8t8,: of which we . oper : 
ſpeak more particular. 

We have now deſcribed a n | 
which are the moſt ſtriking to every perſon who 
5 has paid the leaſt attention to what is paſſing 
over his head- The tuter Would do well in 
en firſt, 30 bring his pupil acquainted- 
with the appearances themſelves, and then ex- 
plain them to him by che globe, or ſome other 
inſtrument. It would not be amiſs, if be were 
and ſhe him, by a ſmall q ed ate mea- 
fore the elevation of the ſtars, &c. always ; 
_ remembering that young minds are ever active ; \ 
in ſearch of impreſſions from external objects; | 

and: that theſe are more permanent than thoſe 
made by words: in che former the mind ener- 

gizes, ard is Winn ne aeg in ag : 
ONO „ e 
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APE having ſtared _ would be the 

appearances of the heavenly bodies, if we 
were placed at the center of the ſyſtem, and then 
given a general view of” their phznomena, As 
Teen from the earth; it will x now be proper to 


pp * 


in one ſituation, are ro W reconciled with the 


| harmony and order that would be'viſible if they 
were to be ſeen from the other; or in other 
5 words, to Thew why the motions # 
appear to us 0 different "from w what, " oy 
r ally 5 ee 
One of the ends for which man Was Einh. 
is to correct appearances and errors, by the 
Inveſtigation of truth: whoever cnſiders lim 
| arcentively, mw e to e ah from 


e manhood 


77 „ 
a a 5 


the planets 
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manhood to old age, will find him ever buſy in 
endeavouring to find ſome reality, to ſupply 
the place of the falſe ne 4 which he 
has hitherto been deceived. 
It is the buſineſs of the 1 part a this 
| eflay, to correct the errors ariſing from appear- 
ances, and to point out truth by a brief detail 
of the principal parts of the Copernican ſyſtem, 
which is now univerſally received, becauſe it 
rationally accounts for, and accords: with the 
eee of the heavens. 
e At the appointed time, - when it pleaſed the 
8 diſpenſer of every good giſt to reſtore 
st to a bewildered world, and more particu- 
larly to manifeſt his wiſdom i in the ſimplicity, as 
well? as H the grandeur of his works, he opened 
the glorious ſcene with a revival of ſound aft ro- 
nomy;· and raiſed up Copernicus to diſpel the 
1 = darkneſs in which it was then involved. _ 
The Copernican ſyſtem conſiſts of the ſun, 
: ſeven: Lage twelve eee planets, and | 
— the comer.” 
The ſeven planets, ee venus, the 
15 Earth, Mars, Jupiter, Saturn, and the Georgium 
Sidus, move round the ſun, t in orbits ineluded 5 
one within che other, and in the order here uſed 


— 


5 _ Bs — 


ringen Six Diſcourſes to the Royal Society. .. 
1 The ſun is not abſolutely at reſt, being ſubjeR.to to a 
_ ſmall degree of motion, which is conſidered in larger works 
on enemy. | 
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c in mentioning their names, Mercury dan that 


which is neareſt the ſun. 

Theſe ſeven, which revolve 3 lis Gn as 

chair center, are called PRIMARY PLANETS... 
The fou rteen ſmall planets revolve round the 
primary ones as a center, and are at the ſame | 
time carried round the ſun with them; they are 
therefore called sxconDAaRY PLANETS, MOONS, or 
SATELLITES. | 
. "The, Georgium Sidus is 1 Is two 
-moons, Saturn by ſeven, Jupiter by four, and 
the Earth by one; all of 'theſe, - excepting the 
laſt, are.inviſible to us, on account of the ſmall- 
neſs of their ſize, and the a of their diſ- 
tance from us. 

Mercury and Venus W n the Earth's 
orbit, are called 1NreRIOR: PLANETS; but Mars; 
Jupiter, Saturn, and the Georgium Sidus, being 
without it, are called surgRIOR PLANETS. | 
Ihe orbits of all the planets are elliptical; but 

as the principal phænomena of the Copernican 
ſyſtem may be ſatisfactorily illuſtrated, by con- 
ſidering them as circular, the latter ſuppoſition 
is uſually adopted in giving a general idea of the 
diſpoſition and motion of the heavenly bodies. 
It is clear, from a great variety of proofs, that 
the aſtronomers of antiquity were acquainted 
with the true ſolar ſyſtem, as revived by Coper- 
nicus. It was the univerſal doctrine of the . 
Pythagorean ſchool, and is Clearly marked out 
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ms ſuch by Ariftotle : farithioſe, ſays he, aſſert | 
that fire is in the midſt oftheworld, and that the 


_ earth is one of the heavenly bodies. He aſter- 


wards ſpeaks of a ſet of men, who held A 
yſtem eſſentially ſimilar o that of the modern. 


Semitychonic. Eudemus, in his hiſtory of 


aſtronomy, as cited by Anatolius, fays, that 
Anaximander was the firſt who diſcovered the 
earth to be one of the heavenly bodies, and to 
move round the center of the world. Ariſ- 
tarchus held that the earth is carried round ae 


- fan, in the circumfſerence of a oircle, of which: 


the fun itſelf is the center; and that the ſphere 
of the fixeti ſtars is fo immenſe, that the cirole 


of the earth's annual orbit bears no/greater'pro- 


portion tc it, chan che center of any ſphere bears 
to it's whole ſurface. Philolaus, and "others, 
declared the motion of the fun, round about the 
earth, to be only apparent. They ſaw and felt 


the importante of his globe over us, and fup- 


poſing it's influence to extend to much larger 
bounds than that ef the earth, they placed it in 
the center of the univerſe. Amôngithe Romans, 

we find that Numa built atemple to repreſent, 
as Plutarch interprets it,“ the ſyſtern ef "the 
en Wien nn . of it. | 
Thus 
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| . 85 


* Focum Vin" irginibus hi gedit, 4: UT AD - 
LVeupingN Slim erxon liſts imperii Hamma 
er, Flor, Hiſt. | | | 
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Thus alſo in che Jewiſh tabernacle, the ſeven 
lights had a reference to the ſe ven chief lights of 
che heavens. Hence alſo the heavens are called 
in ſacred writ the tabernacle of the fun; the 
whole of our ſyſtem dwelling within his influ- | 
ence. Thedoregoing.citarions are, we preſume, 


Aiutfficient to ſhew that the ancients were nat ig- 


norant of the true ſalar ſyſtem. Thoſe that 
want further information on thischead, may con- 
ſult the notes to Sydenham's tranſlation of the 
Kivals. f Plato, Duten's inquiries into the origin 
of che diſcoveries attributed to the moderns; 
Jones's: eſſay on the firſt principles of natural 
Philoſaphy; Baillie hiſtoire de l'aſtronomie an- 
cienne. But laying theſe authorities aſide, there 
are. direct proofs to ſhew, that the moſt ancient 
ages could not he ignorant of the true ſyſtem; 
_ theſe, however, muſtbslefttoſome other occaſion, 
Me are greatly indebted to Copernicus for 
ache xexival of this ſyſtem, and being bold 
enough to .avow it, though it was entirely op- 
Poſed to ahe prejudices of the age he lived in. 
In praiſing of Copernicus, let us not „however, 
endeavour to do away the well earned fame of 
Mtolemy; his ſyſtem, though erroneous, was in- 
genious; with it-the world was content for many 
ages. It was then conſidered as founded upon 
invincible demonſtration, as a ſacred truth, that 
could not be weakened by the powers of contro- 
A WP or ſhaken by the e of opinion. 
8 15 | 82 ; Being 
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Being in poſſeſſion of higher truth, we ſhould 
not ſpeak degradingly of thoſe who preceded us. 


If the ground we ſtand on be firm, it will not 
need ſupport from the empty boaſtings of decla- 
mation, the authority of names, or the contemp- 


. tuous ſneers of an affected diſdain: and it is 
much to be regretted, that the writings of mo- 


dern philoſophers furniſn us with many inſtances 
of the high opinion they entertain of their own 


knowledge, and their contempt of thoſe who 


differ from them. Let the young pupil there- 
fore be cautioned not to confine the idea of 


bigotry to the ſuperſtitious zealots of religion; 


for he will find as much attachment to trifles, 
as much blind prejudice, and as little love to 
truth rox TRUTH's SAKE, among thoſe who are 


called philoſophers, as among the moſt invete- 


5 rate ſectarians, or the wildeſt fanatics. "Ip 
Let him early learnto diſtinguiſh the different 


degrees of evidence, of which each ſubject is 
capable; but above all, let him ſtudiouſſy avoid 


the improper conjunction of the demonſtrative 
evidence of one ſcience, with the bare proba- 


bility, or unfounded aſſertions in another; leſt, 
like thoſe who have gone before him, he ſhould 
call that demonſtrated, W is often not 
even probable... | | 
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A , 


Derrxrrioxs. V 


- Before we enter into a deſcription of the ſolar | 


| Fen, it may be neceſſary to define what is 
meant by the axis of a planet; leſt the pupil 
| ſhould conceive them to turn on ſuch material 
AXES, as are uſed in the machines which are con- 
trived to repreſent the planetary ſyſtem. 

| The AXIS OF A PLANET is a line conceived to 
| - be drawn through it's center, and about which 
it is conceived: to turn, in the courſe of it's revo- 
lution round the ſun: the extremities of this line 


terminate in oppoſite points of the ſurface of the 
Planet, and are called it's porks; that which 


1 points towards the northern part of the heaven, 


3 called the voR TH POLE; that which points 
| towards the ſouthern, the SOUTH. PoLt. A ball 

whirled from the hand into the open air, turns. 
round upon a line within itſelf, while it is mov= 
ing forward; ſuch a line as this is , Whew 5 


we ſpeak of the axis of a planet. 351-2 
Fig. 1, plate 1. repreſents the lar Sie. 


| hel O denotes the ſun; A B the circle 


which the neareſt planet, Mercury, deſcribes i in 


moving round it; C D that in which Venus 
moves; FG the orbit of the earth; H K that ] 
| of Mars; IN that of Jupiter; O P that of _ 

= apo and QR Ne of TE G Sd: : 
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The FP a; the planets are ſometimes * 85 
preſſed by marks or Rares, inſtead of writ- 


ing their names at length. The characters are 
af follow: G che ſun, Mercury, 2 Venus, 
OR” 1 0 ol Mars, gere, By * 15 


; Of: THE 5 9 OE | 
| The fon is the center of the gem, | 


„ which the reſt of the planets revolve. It is che 8 


fr and greateſt object of aſtronomical know | 
ledge, and'is one enough. to amp a value on 
tte ſcience, to which [the ſtud) 
Ile fun is the parent of the ſeaſons; day and 
mii, ſummer and winter; are among it's ſur- 
„„ Prizing effects. All the vegetable creation. are 


of it belongs, 4 ; 


_ offspring of it's beams; our own. 2 Z 


5 en death at his def 


| fuphonted by it's inflaence; Nature revives, | 
Aud puts on 2 nem face, when it appfodehts = 


nearer to us in ſpting; arid firtkes 1 into a tempo-· 
e from us i in the Winter“ 


Hence it was; unh ropriety, called by the 


xa : atieibrets' £60k cam; the heart of heaven; for 
2 tie heurt is the cEnref of the animal __ 

1 i is the fu the center of ohr uftiverſe: ' As the 

- _ Hefft is the fountain bf the blaod, and thi cmer 
Of heat and mbrion; ſo is the fun ths life and 
FR heat of the World, ard the firſt fribver of "the 
muhdane ſyſtem + When the Heart ceaſes ts 
beat, the circuit of life is at an end; ant if the 

C2 Tp ſhould ceaſe | to act, a total . would | 


_ 
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"a pace thraughaut the: whole we a 
BAIN. 
By his magnetic 1 gently wares, 
The yniverſe, and to cach inward, park, 
With gentle penetration, though sten, 
Shoots, inxiſible . ; 
Ihe ſun is placed near the comer Sabine 
of all the planets, and turns round his axis in 

| twenty-five & days. It is inclined to the eclip., 
ric in an angle of eight degrees. His apparent 
diameter, at a mean diſtange from the earth, i oh 
about thirty-twa, minutes, twelve ſecangs. 

_ Thoſe who are not accuſtgracd to Jr EI Gi 
cal calculation, will be ſyrprized at the rea 
magnitude of this luminary ;, which, an account 
of it's diſtance from ug, appears tc the eps nap | 
much larger than che mopn, which is any an at-. 
tendant on our earth, When leoking at the 
un, they are viewing à globe, whoſe diameter. 
is $99,909 Engliſh miles, whole lypfage eontains 

2,488,461, 360, 000 ſquare miles; whereas tha 
earth is not more in diameter chan 7999 miles: 
ſo that the ſun is about 1,394,508 times bigger 
than the earth, It is reckoned to be 539 4 times: | 
bigger thap all che planes put mgerhker, Thus 
. it is the fopntain of light and hæst 40 all the 
planets, ſo it alſo far ſurpxſſes them in it's hlt. 
5 eee e e eee avanced, and | 

more AC Races hg hop made, the: 
magnitude of ts Wein Has. . _ 
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* enabled to diſcover this motion. 


40 ASTRONOMICAL ESSAYS. 


to Sed conſiderably che limits or nee 
calculations. 


If the ſun were every where f bright, | 
his rotation on his axis would not be percep- 


tible; but by means of the ſpots, which are 


viſible on his pure and lucid pe we are 


＋ bY 
41 
5 


When a ſpherical body is near wa; to; ap- 
pear of it's true figure, this appearance is owing 


to the ſhading upon the different Parts of it's 


ſurface: for as a flat circular piece of board, 


when it is properly” ſhaded by painting, will 
| look like a ſpherical body: fo a ſpherical body 


* 


hy appears of it's true ſhape, for” the ſame reaſon ; 

| that the plane board, in the preſent inſtance, | 
appears ſpherical. But if the ſphere be at a 
great diſtance, this difference of ſhading cannot 

be diſcerned by the eye, and confequently the! | 
iphere will no longer appear of it's true ſhape; | 
the ſhading is Them: 1 a8 it 1 771. like, 5 

- "Aatcircle, | 2 


: Jt is thus with the PR it W to us le 3 
bright flat circle, which flat circle is termed the 
sux's DISK. By the aſſiſtanee of teleſcopes, | 


dark ſpott Have been obſerved on this dilk, and 


found to have a motion from eaſt to weſt; their i 


"P 


velocity i is greater han: they are at the center, 


than when they are near the limb. They as 


dcſeen firſt on the caſtern extremity, by degrees they” 
come e fowards 351 middle, and ſo paſy 


"DT Le: ; : 4 1 "= £0. 
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on, till they reach the weſtern edge; they then 
diſappear; and after they have lain hid about the 
ſame time that they continued viſible, they will 
appear again as at firſt. By this motion we dif- | 
cover not only the time the ſun employs in turn- 
ing round his axis, but alſo the inclinazign: * 
it's axis to the plane of the ecliptic.“ 

The page of hiſtory informs us, that there baue 
been periods, when the ſun has wanted of it's 
accuſtomed brightneſs, | ſhone with a dim and 
bbſcure light for the ſpace of a whole year. This 

obſcurity has been ſuppoſed to ariſe from his ſur- 
face being at thoſe times covered with ſpots. . 
Spots have been ſeen that were much larger 4D 

the earth. | 
The ſun is ſuppoſed to 5 an SR 
round it, which occaſions that appearance which 
is termed. the zoDIacar LIGHT.. This light is 
ſeen at ſome ſeaſons of the year, either a little 
after ſun-ſer, or a little before ſun-riſe. It is 
faintly bright, and of a whitiſh colour, reſem- 
bring! the 6 milky Way. In the morning it becomes 
VV ors Tons 10 e 


„ The e my view be bs of the fi with 
a refrating teleſcope: of two or three feet, or a reflecting 
one of 12 inches, 18 inches, or two feet, taking care to 
guard the eye with a dark glaſs, to take off the glaring light; 
or the image or pifture-of' the ſun, with his ſpots, may be 


thrown i into a dark room, through a teleſcope, and received | : 


upon a piece of paper Py eee che _—_ 


dt b e. 
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brighter and larger, as is riſes above the horizon, = 
till the approach. of day, which. diminiſhes it's; 
ſplendor, and. renders it at laſt inviſible, It's. 
figure is that of a flat or lenticular ſpheroid, ſeen. 
in:-profile.. The direction of it's longer axis 
coincides with the plane of the ſun's equator. 
But it's length is ſubject to great variation, ſo. 
that the diſtance. of it's ſummit from the ſun, 


Vries from 45 to 120 degrees. It is ſeen to 
the beſt advantage about the ſolſtices. It was. 


fuſt deſcribed and named hy Caſſini, in 1683: 


it was noticed by Mr. mes about the: 


Yor Was Ft TELE I BEE 15 4 2 MO! PLES 26 . 
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"of an the planets, Mercury is the n: at 5 


the tame | time, it is that which i is neareſt che fü. 


It i is from his proximity to this globe of light, 
that he is ſo ſeldom within the here of our ob- 


ſervation, being Joft in the ſplendor of the ſolar 


brightneſs, yet ir emits a very bright white light. 
It is oftener ſeen in thoſe parts of the world, 
which are more Touthward than that which we 


ighabit; ahd'oftener to us than to thoſe who live | 


nearer the north pole; for the wore obligue., 


the ſphere is, ae 4s, e 
ee | 
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Mercury never removes but a few degrees 
ſtom the ſum; "The meaſare of a planet's ſepara- 
kion, or diftdnce, from the ſun; is called it's 
of. His greateſt elongation is little 
more than tWemy eight degrees, or about as far 
as the moon appears to be from the ſun, the 
fetond day after new moon. In ſome of it's 


re yolutions, the en 1 not more —_ 


gue degrees. 
Mereury is eomputed to ok at 1 | 
8 from the ſun, and t6 revolve. round him in 
87 days, 23 hours, 16 minutes, which is the 
meaſut̃e of it's year, about one-fourth: of but 4. 
As from the nearneſs of this planet to the ſun, ve 
neither know the time it tevolves round it s atis, 
nor the inelination of that axis to the plane of 
1 orbit, we art neceſſarily ignorafit of the length 
of it's day and night, or the variety of ſeaſons it 
5 may be liable te, Mercury. is 3000 miles in 
diameter, and therefore contains in ſurface 
28,2745400 ſquare miles. Large as Mercury, 
| when thus conſidered, appears to bez it is but an 
atom, when compared with Jupiter, whoſe dia- 
meter is 94000 miles. It's apparent diameter, at 
A mean diſtance. from the earth, i is 20 ſcœonds. 
Mercury is ſuppoſed; to move, at the rate of 
109,695 miles per hour. The ſum is 


26719963 times as big as Mercury; ſo that it 


would appear te the inhabitants of Mercury 
nearly three times larger than it does te us; and 
* diſk, or * about ſeven times the ſize we 
ſee 


curian ſpectato. 6 : 
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ſee. 1t.- As the FOE five planets are above 
Mercury, their phænomena will be nearly the 
ſame to it as to us. Venus and the earth, When 
in oppoſition to the ſun, will ſhine with full orbs, 
and afford a brilliant ec to _ 5 0 


N 


Mercury, like the moon, Te it's | ak, 


| bord to it's ſeveral poſitions, with reſpect to 


the ſun and earth. He never appears quite 


round or full to us, becauſe his enlightened ſide 


is never turned directly towards us, except when 
he is ſo near the ſun, as to become inviſible. 


The times for making the moſt favourable ob- 
ſervations on this planet, are, when it paſſes 


before the ſun, and is ſeen traverſing his diſk, in 


the form of a black ſpot. This paſſage of a 


planet over the face of the ſun, is called a 


TRANSIT. It happens in it's lower conjunttion, 


r a particular ſituation of the nodes; which 


8 mand -about hr per yea; 8 


leads us to mention their place in the ecliptic. + 


The angle formed by the inclination of the 


orbit Of Mercury" with the plane'of the oi 
tic, is 6 59˙5 the node from which Mercury .. 


_ aſcends northward; above the plane of the eclip- 


tic; is Ke 1' 30"; in Taurus, the oppoſite one, 
1471 24%; in "Sag ithriun; it's nodes move for- 


:4 & i, 


If Mercury, at his inferior . comes 


tot either of his nodes about theſe times, be wil 


appear to TRANSIT yo 12220 diſk of The fun. 
a 20 nn 7714 297145 125 LY FI 5 5 . But : 


- 
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But in all other parts of his orbit his conjunctions 
are inviſible, becauſe he either n above or 
8g the 0 05 02 5 


ä 0 1 5 "Ig 


bene d is cg brighteſt and largeſt, to appear- 
ance; of all the planets, diſtinguiſhed from them 
all by a ſuperiority of luſtre; her light is of a 
white colour, and ſo conſiderable, that ina duſky 
place ſnie projects a ſenſible Made. | 7 
The diameter of Venus Is 9330 miles; ſhe 
contains 270, 299, 808 ſquare miles; her diſtance, 
from the ſun is 68,891,486 miles; ſhe goes round. 
the ſun in 224 days, 6 hours, 41 minutes, mov- 
ing at the rate of 80, 29 5 miles per hour. 
It's axis is inclined to the plane of it's orbit, in 
an angle of 75 degrees. Her orbit makes an 
angle of 2 23“ with the ecliptic; one node 
is at the 14 43 of Gemini, the other about 7 
55 in Aquarius. The nodes move forward 31". 
per year; her apparent diameter at a mean diſ- 
tance from the earth, is 1' 20%. _ Her motion 
round her axis has been fixed by ſome at 2 3 
hours; by others at above 24 days. She, like 
Mercury, conſtantly attends the ſun, never de- 
. parting from him above 47 or 48 degrees. 
Like Mercury, ſhe is never ſeen ar MIDNIGHT, | 
| OR IN OPPOSITION. TO TAE SUN, being viſible only. 

for three or four hours in the morning, or even- 
ing, according as ſhe is before or after the ſun. | 
ee e Dy 


* 
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One would not imagine that this planet, 
which appears ſo much fupezior 40 Saturn in the 
heavens, is ſo inconſiderable when compared to 


it; for the diameter of Saturn is 78, ooo miles; 


while, on the other hand, one would ſcarce ima- 
gine that Venus, Which appears but as a lucid 
ſpangle in the heavens, was ſo darge a globe as 
me truly is, her diameter being 9330 miles. It 
is the diſtance which produces thaſe effects; 
which gives and takes away the magnitude of 
things. Her apparent ſiae varies with her diſ- 
tance; at ſome ſeaſons ſhe od ARE 32 
times larger than at others. | 
When -this planet is in Gor . it's . 5 
which is weſt of the ſan, that is, from ber inferior 
to her ſuperior conjunction, the riſes before him 
in the morning, and is called ꝓHoOSPHORus, or 


I LUCFFER, or the -MORNING STAR. When ſhe 
appears eaſt of the ſun, xhat is, from her ſuperiar 


to her inferior conjunction, -ſhe ſets in the even- 
ing aſter kinn; or :in-other worfls, ſhines in the 
evening aſter he fets, ade called ae us, ar 
%ESPER, or-the EVENIN CST Rx. 

The inhabitants of Venus will ſee hs TEN 
Mercury always accompanying he dun; and:he 
will beto them. by turns, an. evening or a morn- 
ing ſtar, as Venus is to us. To themſame inha- 
bitants, the ſun will appear. e Oy: 
NGC | | | 


2 „ 1 
Venus, 
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Venus, when viewed through a teleſcope, is 
ſeldom feen to ſhine with a full face; but has 

phaſes, juſt like the moon, from the ifine thin 
creſcent to łhe enlightened hemiſphere. Hor 
illuminated part is conſtantly turned towards the 


Jun; henee it's thorns are turned towards the eaſt 


When it is a morning ſtar, and towards the aveſt 
"when it is an evening ſtar. Some aſtronomers 
have thought they perceived a ſatellite moving 
round Venus, but as ſucoeeding obſervers have 
not been able to verify their obſervations, they 
are ſuppoſed to have originated in error. In 


-obſerving che tranſit of Venus, Mr. Dunn, and 


other gentlemen, ſaw a penumbra which took 
place about five feconds before the contact, 
preceding the egreſs of the planet; and from 
thence they concluded, that it had an atmo- 
ſphere of about 50 geographical miles in height. 
Wie are told, that, when Copernicus firſt pub- 
lifned his account of the ſolar fyſtem, it was 


objected to him that it could not be true, be- 


«cauſe if it was, the inferior Planets rarift have 


«different phates, © accortling 40 their different 


<Htmtionwithrepat to chef earth; Wes 
ars they always nem us, The er 


d 40 be made by him, is, "har they appear 


round to the eye 


if we could have a mearer,or more Uiftinct view 
of chem, we ſhould ſee in them the ſame phaſes 
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is ſaid to have verified this prediction of -Coper- 
nicus But it is neither probable, that a defender 
of the Ptolernaic ſyſtem ſhould make ſuch an 
- objection, or Copernicus ſuch an anſwer; ſince in 
| -the Ptolemaic, as well as in the Copernican ſyſ- 
tem, the ſhape of theſe planets ought to change, 
Juſt as the moon does; conſequently, the mere 
change of ſhape in the inferior planets is an argu- 
ment, which, in the common way of urging it, | 
proves nothing at all as to the truth or falſhood 
of the Copernican ſyſtem. If, beſides the changes 
of ſhape made in the inferior planets, we conſi- 
der the ſituation of the planets with reſpect to 
the ſun, when theſe changes happen; this, i in- 
deed, will ſhew us; that the Ptolemaic ſyſtem is 
falſe,“ as will be ſeen i in a een . of 
r ene Voi Brain ; 


| Aoki thes Gas in . the planets move 
round the ſun, for the length of their year; and 
the times of their turning round their axes, for 
the length of their days and nights together ; and 
aſſuming, as true, the obſervations of Bianchini, 0 
relative to the rotation of Venus round her axis; 
we may fay, that a day and a night in Venus is ag 
long as 23 4 days and nights with us; her axis . 
inclines 75 degree: from the axis of her orbit, on 
en account the I: of her cha and nights 


ks 


- * Rutherford's Syſtem of Natural Fin tl 2, 
*. .. 9 
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differ much more in proportion, and the varia- 


tion of her ſeaſons is greater than thoſe of our 
earth. She very ſeldom has the forenoon and 

aſternoon of the ſame day of an equal length. 

At her equator ſhe has the four ſeaſons twice bs. 


every year, with other - peculiarities, ' which 055 
enumerated in larger treatiſes on this ſubject. 
Venus is ſometimes ſeen paſſing over the diſk 
of the ſun, as a round dark ſpot. Theſe appear- 
ances, which are called tranſits, happen very 
ſeidom; though there have been two within theſe 
few years, the one in June, 1761, the other in 
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*The next et: Maid comes dee us is hs: 
cantly that we inhabit; ſmall as it really is when 
compared to ſome of the ather pin it is to us 
of the higheſt importance: we een 5 
knowledge of others, that we: may find out their 
relation to this, and from thence learn our Y 


connection with the univerſe at large. But 
when viewed with an eye to eternity, it's value to 
us is heightened in a manner chat exceeds ex- 
Preſſron, and ſurpaſſes all he Powers of tgje 
Human mind. He alone can form ſome idea of 18 
| bliſs is become. 5 


it, who in the regions of celeſti; 
a partaker of the length and _Y the depth 
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The orbit of the earth i 48 placed between hate 

of Verhis and Mars. The diameter of the earth 

is 7970 miles; it's ſurface contains 1 99.355752 59 
ſquare miles; it's diſtance from the ſun is 
95,173, 00 miles, and goes round him in a year, 

: moving at the rate of 68,243 miles per hour 


It's 


in twenty- four hours, which occaſions the appa- 
heavenly bodies found it, from xasr r wer, in 
the ſame time; it is, of courſe, the cauſe of their 
ES ring and ſetting, of day and night... = 


parallel to itſelf, throughout it's annual courſe, 


3 « ſeaſons; 'Y 


and ſhining globe in the heavens, the ſatellite, 


barent ee as pa from 22. _ 
i about 21 "ſeconds. W 21 3 * 5 
It turns round it's axis, ee WEST To ann 


and all the 


The axis of the earth is inclined 234 degrees 
to the plane of it's orbit, and keeps in a direction 


of ſpring and ſummer, 5 
autumn and winter. Thus his diurnal; motion 
8 D ul eee of Os and <anghd 
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= Next to 5 the __ the moon diets gen Apen | 


able companion of the earth. By 
ring, in dme werde the 2 5 
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the ſea ; ſhe not only becomes a pleaſing, but a 


| welcome object; an object affording much for 
ſpeculation. to the contemplative. mind, of real 
uſe to the navigator, the traveller, and .the 
huſbandman. The Hebrews, the Greeks, the, 
Romans, and, in general, all the ancients uſed, 


to aſſemble, at the time of new moon, to dif. 
charge the duties be and. gratitude for Ws 
manifold. uſes... 

That the moon a appears "hy mach 3 9 0 


the other planets, is owing to her vicinity to us; 
for to a ſpectator in the fun ſhe would. be 
| ſcarcely viſible, without the aſſiſtance of a 
. teleſcope. Her diſtance is but ſmall from us, 
when compared with that of the other heavenly. : 
bodies; for among theſe, the leaſt abſolute dif- : 


tance, when put down in numbers, will appear: 


great, and the ſmalleſt magnitude immenſe. 
Ihe moon is 2180 miles in diameter; her 
; bulk is in proportion to the earth as.1 to 48 f 
her diſtance from the center of the earth 240,0 
miles; ſhe goes round her orbit in 27 days, 7 
bours, 43 minutes, moving at the rate f 
2299 ks miles per hour. The time in gang 
round the earth, reckoning from change to 
_ change; is 29 days, 12 hours, 44 minutes. Her 
apparent diameter at a mean diſtance from the : 
| earths gy 267"; bur as . from the ſan, a 
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Her et is inclined to the ecliptic, in un 
angle of 5 degrees, 18 minutes, cutting it in two 
5 are diametrically oppoſite to each 
other: theſe points are called her nodes. The 
nodes have a motion weſtward, or contrary to 
the order of the figns, making a complete revolu- 
tion in about nineteen years; in which time, 
each node returns to that 8 87 the amr 
whence 1 it before receded. + OR 

If the moon were a botly polſiing native 
iht, We ſhould” not perceive any diverſity of 
appearance; but as ſhe ſhines entirely by light 
received from the ſun; and reflected by her ſur- 
face, it follows, that according to the ſituation of 
the "beholder with reſpect to the "illuminated . * 
part, that he will. ſee more or leſs of her re. 55 
flectedd beams: for only Aae wok « 4 globe can 
eee one.” DL GOES Ot 

Hence, while ſhe is ling hep revolu tion 
Fund the wood he 


he undergoes great changes 
in her appt -> She is ſometimes on our 


+, meridian ns FOR and therefore in that part 
of theheavers Which is oppoſite ro the ſun; in 
mis Krüation ſſie appears as a complete circle, 
andd it is fai to be vort moon.) As the moves 
euſtward, ſhe becomes deficient on the weſt wid 
And in about 74 days comes to the meridian; at at 
Es About fix i in' the morning; having the appearance 
pdf a ſemicircle, with che convex ſide turned to- 
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the appearanc 
till to the, eaſtward. ſhe becomes fuller on the 


: 5 eaſt ſide; at laſt, in about 294 Gor. ſhe is again 


TS be more fully a 
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ales; the HALF. MOON, bo Moving on {till eaſt- 


ward, ſhe becomes more deficient on the welt, 


and has the form of a creſcent, with the convex 
fide turned towards the ſun; this creſcent be- 
comes continually more ſlender, till about four- 
To teen days aſter the full moon mei is ſo near the 7 
| ſun, that ſhe: cannot be ſeen, on account of his 
great ſplendor. About four days aſter this diſap- | 
pearance, ſhe is ſeen in the evening, a little to the 
E eaſtward of the ſun, i in the form of a fine creſcent, 
wich the convex ſide turned from the ſun; mo- 
» ving ſtill to the eaſtward, the creſcent becomes 
more full; and when the moon comes to the 


meridian, about fix.in the eyening, ſhe has again 
e of a bright ſemicircle; advancing 


ite to the ſun, and again full. 45 
It frequently happens, that the moon is 3 


2 ee the, full; and that the ſun is eclipſed 
ſiome time between he diſappearance of the moon 
8 in the morning on the weſt ſlide of the fun, and | 


Irance. in the evening on, the eaſt ſide of 


i Ne. The nature of theſe phanomena, wil! 
Je! ed, when. we SER Fo 


. 


icularly of eclipfes. | e amr 
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the ſun enlightens ſucceſſively every part eber 
globe only once, conſequently ſhe has but one 
day in all that time, and her day and night. 


together are as long as our lunar month. As we 
ſee only one fide of the moon, we are- therefore 


inviſible to the inhabitants on the oppoſite ſide, 


(er they take a journey to that ſide which is 


next to us, for which e apes ſome of Geka ut I : 


E W RARE than 1 500 miles. 


As the moon illuminates the earth by a ght 7 


reflected from the ſun, ſhe is reciprocally en 


lightened, but in a much greater degree, by the 


ö earth; for the ſurface is above thirteen times 


© LRN 


er than that of the moon; and therefore, 


3 Toppoling their power of reflecting light to be 
<qual, the earth vill reflect thirteen times more 
lebt on the moon than ſhe receives from it. 
EE When it is what we call new moon, we ſhallap- = 
par” as à full moon to the Lunarians ; as it 


reales in light to ils, ours Will Gen de 5 
chem: in a word, our earth will exhibit to hem 5 


dhe fame phaſes as ſhe does to us. 


We have already obſerved, „eee 


. of the moon the earth is] never ſeen; from tlie 


e of the other half, it is always' ſeen over 


head, turning _ Ke raged times as quick | 


itants, t 
Senn be the target body ae univerſe, 
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ſeveral continents and iſlands appear to the 
Lunarians as ſo many ſpots, of different forms ; 
by theſe ſpots, they .may determine the time of | 
the earth's diurnal, motion; by theſe ſpots, they 
8 may, perhaps, meaſure their time.— e cannot 


dere eech dial. 1 0 . * N 8.5 


ON 
7 
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. 3 N "ts 3 math, and — 05 Graz uin | 
. Sidas are called ſuperior planets; becauſe they) 
are higher in the ſyſtem, or farther een 8 
renter of it; than the earth is 
They exhibit ſeveral phenomena, pe Fe are 7 | 
| op different from thoſe of Mercury and Venus; 
among other things, they come to our meridian 
both at noon and e and are never e | 
pegs G04 6 VVV 
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5 1 Is 9 25 leaſt 8 an cegyot of al Tn : 
5 planets; it's orbit lies between that of the earth 
9 and Jupiter, but very diſtant froni both. He 
asàppeats of à duſky reddiſh hue ;. from the dull- 
neſs of; his. appratance, many have conjectured 
that be is encompaſſed with a thick cloudy atmo - 
iphere; e not near ſo. bright as that of 
Ne neti eee 
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I ; WMW which appears ſo inconfiderable 4 in the : 
baasens, is 5,400 miles in diameter, 91. 608,956 
6 a ſquare miles in ſuperficial content. It's diſtance 
JW from the ſun is 145,014, 148 miles. It goes round 
i] the ſun in f year, 321 days, 17 hours, moving at 
I | the rate of 55,287 miles per hour. It revolves 
: : ; round it's axis in 24 hours, 40 minutes; it's orbit 
is inclined to the celiptie, at an angle of 10 52'; 
HEE. it's aſcending node about 1517 in Taurus. To 
an inhabitant in Mars, the ſun would appear one- 


third leſs in diameter than it does to us. It's ap- 
il parent diameter, as viewed at a mean e 
= from the earth, is 30 ſcednds 4 1 
1 Mars, when in oppoſition to e five il 
times nearer to us than when in conjunction. 
This has a very viſible effect on the appearance 
of the Planet, cauſing him to ee er 5 
at. ſome periods than at others. „„ 
The inclinationof the axis to it 3 is 615 1 18, | 
: and conſequently, the obliquity of the ecliptiq is 


Hes  28*42'; the inclination of the cog, is 15 Bhs ; the | 
—_ node Taurus 21* 4. ; 
3 analogy beigen Mars and the cant is by 


1 br the greateſt in the whole ſolar ſyſtem; their 

5 Aauͤuurnal motion is nearly the ſame; the obliquities 

olf their reſpective ecliptics not very different. 

| 1 -Of all the ſuperior planets, that of Mars is by far 4 | 

| — the neareſt like the earth: nor will the Martial 
paar appear ſu diſſimilar to our's, when we com- 

3 . it with the | long. duration of the years of 

„ 7 9 
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Jupiter, Sn and the Georgium Sidus. It 
probably has a conſiderable atmoſphere; for be- 


ſides the permanent ſpots on it's ſurface, Dr. 
Herſchel has often perceived occaſional changes 


of partial bright belts, and alſo once a darkiſh 


one in a pretty high latitude ; alterations which 
we can attribute to no other cauſe than the vari- 


es G 


able diſpoſition of clouds and vapours e in 


1 ee et of the planet. 


A ſpectator in Mars will de if ever, ſe 


| Ahn except when they ſee it paſſing over 


the ſun's diſk. Venus will appear to him at 


about the ſame diſtance from the ſun, as Mercury 
appears to us. The earth will appear about the 


ſize of Venus, and never above 48 degrees from 


the ſun; and will be, by turns, a morning and 


evening ſtar to the inhabitants of Mars. It ap- 


pears, from the moſt accurate obſervations, that 


Mars is a ſpheroid, or flatted ſphere, the equa- 


 torial diameter to the polar being in the propor- 
tion of about 131 10 127; and ihere is reaſon to 
: 1 that * the W are "96A 1 "dil ET 


Talon is e ait ! in Cn ſyſtem, | 

Mb nin round the ſun, between Mars and 
Saturn. It is the largeſt of all the planets, and 
_ eaſily. diſtinguiſhed. from them by his peculiar - 
ma aa . Sg hr. To the ike eye it ap- 
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pears almoſt xslarge as Venus; but not al gether 
ſo bright. 

Jupiter tevolves round it's axis in 9 denn 56 
minutes; it's revolution in it's orbit to the ſame 
point of the ecliptic is 11 years, 313 days, 8 hours: 
The diſproportion of Jupiter to the earth, infize, 

is very great; viewing him in the heavens, we 
conſider him as ſmall in magnitude; whereas he 
is in reality 94, miles in diameter, and 
27,7. 59,177,600 ſquare miles in ſuperficial con- 

tent; his diſtance from the ſun is 4943990,976 
miles; he moves at the rate of rather more than 
29,083 miles per hour; his otbit is inclined to 
the ecliptic, at an angle of 2334“. It's apparent 
diameter, as _” at a mean diſtance from . 
earths * 4 
I ̃᷑0 o an eye bars in Wee the Gi aragi _ 

be a fifth part of the ſize he appears to us, and 


0 nis diſk be 2 5 times leſs. Though Jupiter be the 


. largeſt of all the Planets, yet it's revolution round 
it's axis is the ſwifteſt. The polar axis is ſnorter 
than theequatorial one, and his axis eee, 
to the plane of his orbit. ; 5 
Jupiter, when in oppoſition to the ſun, is anc 5 
- nearer the earth, than when he is in conjunction 
with kim; at thoſe times he appears al ber, 
and more luminous than at other times. EOF. 
In Jupiter, the days and nights are of: arr qd | 


Dh, length, each being about five hours long. We 


have already obſerved, tharths axis of his diurnal 
; we 


8 


. 
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| rotation is nearly at right angles to the plane of 
his annual one, and conſequently there can be 


frarce any difference in ſeaſons; and here, as far 
as we may reaſon from analogy, we may diſcover 


the footſteps of wiſdom: for if the axis of this 
planet were inclined by any conſiderable number 
of degrees, juſt ſo many degrees round each pole 
would, in their turn, be almoſt ſix years in dark- 
neſs; and as Jupiter is of ſuch an amazing ſize, 
in this caſe immenſe ! of os. would! be 
uninhabitsble Tj 


Jupiter is attended by. ft: ſatellites, or moons ; ; 


i wee are inviſible to the naked eye; but through 
a teleſcope they make a beautiful appearance. 
As our moon turns round the earth, enlightening 
the nights, by reflecting the light ſhe receives 

from the ſun, ſo theſe alſo enlighten the nights of 

Jupiter, and move round him in different periods 

of time, proportioned to their ſeveral diſtances; 
and as the moon keeps company with the earth 


in it's annual revolution round the ſun; ſo theſe 


7 accompany Nn in ir's courſe ound chat | 


ir ay {de : Wh e 277TH 

- In: ſpeaking of: the a e we. e difting ail 
Sos according to their places, into the firſt, 
the ſecond, and ſo on; by n _ thar 
vhich is neareſt to the planet. SST 
The outermoſt of Jupiter's' <ucllites will ap- 
pear almoſt as big as the moon does to: usg 2five 
times a e _ een, abe 
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diſk of the ſun. The four ſatellites cd afford 4 
pleaſing ſpectacle to the inhabitants of Jupiter; 
_ for fomttimes they will riſe all together, ſome- 
times be all together on the meridian, ranged one 
under another, beſides frequent eclipſes. Not- 
| withſtanding» the diſtance of Jupiter and his 
ſiatellites fram us, the eclipſes thereof are of 
c onſiderable:uſe, for aſcertaining with accuracy 
tte longimde of places. From the four ſatellites 
the inhabitants of Jupiter will have four different 
kinds of months, and the number of e in 
deeir year nt leſs than 4,500./ 1 : 
An aſtrongmer in Jupiter wills never ſee 405 0 
cury, Venus the carth, or Mars: becauſe; from 
| the immenſe diſtance A which: he is placed, they 


muſt appear to accompany the ſun, and riſe and 


: 8 et with him: bur then he will have for the ob- 
INS 1 Wing. Waun four moons, Saturn, 5 


n 7 OOO en Thr e AY: 

roi od3: 30 Op sauren 7 Fr 55 I ( 

We *% Rite tut r! bran e eee 
Before che 1 of he Fab Sidus, a 

ee as cœckaned che moſt remote planet in 

our ſyſtem a he ſhines but with a pale feeble light, 

; less bright than Jupiter, though leſs ruddy than 

N Mars. The uninformed eye imagines not, when 

: i directed co Ms ane: ee of Se t it ia 
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is 78000 miles, whoſe”! ſurface contains 
19,1 13,49 4,40 ſquare miles. Welgneed not, 
however, be ſurprized at the vaſt bulk of Saturn, 
and it's diſproportion to it's appearanee in the 
heavens; for we are to conſider, that all objects 
decreaſe in their apparent magnitude; in propor- 


tion to their diſtance; but the diſtance of Saturn 


is immenſe; ; that of the earth from the ſun is- 
95,173, 000 e of . Re pg 
mites! © + kh INES . 11621 Lett: My lit} 
The length of a 3 . the time 8560 
it's revolution round it's orbit, i Proportioned 
to it's diſtance from the ſun. Saturn goes round 
the ſun in 29 years, 167 days, 6 hours, moving 
at the rate of rather more than 22,101 miles 
per hour. His orbit is inclined to the ecliptic, 
in an angle of 2 1. His apparent en 
1 at a mean diſtance from the eurth 18 16% PP New; 
It has not yet been aſcertained*b dReriabiomicet: 

| obſervation, whether Saturn revolves or not upon 
his axis: we are therefore ignorant of the 1 
of his day, and of his night. The ſun's diſk will 


appear ninety times leſs to an "inhabitant of 


Saturn, than it does to us; but notwirhſtanding 


the ſun appears ſo ſmall to che inhabitants of the 


regions of Jupiter and Saturn, che lighrthar he 


Will afford them is much more than would be 
at firſt ſuppoſed and calculhtiens have been 
made, from which it is ae the N 

1 will afford bonne en med ni ta 


2k e = £ 


1 


- 


62 ASTRONOMICAL - ESSAYS. 


the full moon to us; and 1600 times as much. 


10 Jupiter. To eyes like our's, unaſſiſted by in- 


truments, Jupiter and the Georgium Sidus 
would be the only planets ſeen from Saturn, to 
whom jupiter would ſorngrjwoes- be a e 
ſometimes an evening ſtar. 

One of the firſt . of the e 
hen brought to a tolerable degree of perfection, 
was, that Saturn did not appear like other planets. 
Galileo, in 1610, ſuppoſed it compoſed of 3 ſtars, 
or globes, a larger in the middle, and a ſmaller 


on each fide; and he; continued his obſervations... 
ill che two leſſer ſtars diſappeared, and this planet 


looked like the others. Further obſervation ſhew- 
ed, that what Galileo took for two ſtars, were 8 
parts of a ring. This ſingular and curious ap- 
ee de planet Saturn, is a thin, broad, 
opake ring, - encompaſſing: the body of the. 
anet, without touching i it, like the horizon of 


| am artißcial globe; appearing double when viewed 
through a good teleſcope. The ſpace between 


the ring and the globe of Saturn, is ſuppoſed 
10 be rather more than the breadth of the ring, 


ad the greateſt diameter of the ring to be in pro- 


portion to that of the globe, as 7 to 3; the plane 
of the ring is inclined to the plane of the ecliß- 
ice i in an angle of 305 and i is about 21,000 miles 
in "breadth. It puts on different appearances 
to us, ſometimes being ſeen quite open, at others 


oy as A line 888 the Oe We is probable, 
_ that 
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chat it will at times caſt a ſhadow over vaſt re- 
gions of Saturn's body. The ring of Saturn, 
conſidered as a broad- flat ring of ſolid matter, 
ſuſpended round the body of the planet, and 
keeping it's place without any connection with 
the body, is quite different from all other 
planetary phænomena with which we are ac- 
quainted. . Of the nature of this ring, various 
and uncertain were the conjectures of the firſt 
obſervers; though not more perplexed, than thoſe 


of the lateſt; Of it's uſe to the inhabitants f 


Saturn, we are as ignorant as of it's nature; 
though there are reaſons ſor ſuppoſing that it 
vould appear to them as little more thay 
- bite or bright: coloured cloud. Some of 
phænomena of Saturn's ring will be 
ee of more 8 it in e part ad 
32 . 
Saturn is not eee this beautiful 
Fg, 1255 it enen . 
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on ae nene, Stone. 1 


ee the 3 eg 5 — to the 
ſe: of the Georgium Sidus by Dr. Her- 
ſchel, though the | intervening ſpace was long, 
though the number of aſtronomers was increaſed, 


though aſſiduity i in obſerving was aſſiſted by ac- 


obſervation, yet ng. new diſcoyery was. made in 
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the heavens the boundaries of our em were 
not enlarged.” The inquiſirive mind naturally 
inquires, why, when the number of thoſe that cul- 
tivated the ſcience was increaſed; when the ſciente 
itſelf was ſo much improved, in practical dif. 
ö coveries it was ſo deficient? A ſmall knowledge 
of the human mind will anſwer the queſtion, 
and obviate the difficulty. The mind of man: 
has a natural propenſity to indolence; the ardour 
of it's purſuits, when they are unconnected with 
ſelfiſh views, are ſoon abated, ſmall difficulties 
diſcourage, little inconveniences fatigue it, and 
reaſon ſoon finds excuſes to juſtify, and even 
applaud this weakneſs. In the preſent inſtance, 
the unmanageahle length of the teleſeopes that 
were in uſe; and the continual expoſure to the 
cold air of the night, were the difficulties the 
gaſtronomer had to encounter with; and he 
ſoon perſuaded himſelf,” that the ſame effects 
would be produced hy ſhorter: teleſcopes, with 
equal magnifying power; herein was his miſ- 
rvake, and hence the reaſon why ſo few diſcove- 
ries have been made ſince the time of Caſſini. 
A fimilar inſtance” of the retrogradation of 
. ſcience, occurs in the hi ory of the microſcope; | 
oF _ fer" —_— Wage, on ww berg 5 
ment, 4 bearer u e 
The Wiki Sidus ow e bi Dr. 
Hetfchet: in the year 1781; for this diſcovery 
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pence of Sir Godfrey Copley's medaks; He 
named the planet in hanour of his Majeſty 
King George III. the Patron of ſcience, who 
has taken Dr. Herſchel under his patronage, 
and granted him an annual falary. ' By this 
| munificence he has given ſcope to a very un- 
common genius, and enabled him to proſecute 
nis favourite ſtudies with unremitted ardour. 
In ſo recent a diſcovery of a planet fo diftant, 
many particulars cannot be expected. It's year ia 
ſuppoſed to be more than 83 fiderial years; it's 
diameter 34,217 miles; the inclination of 'it's 
orbit 43 35"; it's diameter, compared to that 
of the earth, as 431,769 to 1; in bulk it >. 
8,049,256 times as large as the earth. It's night 
is of a blueiſh white colour, and «es e 
between that of the moon and Venus. 
Though the Georgium Sidus was not knomn 
ns) a planet till the time of Dr.” Herſchel, yet 
there are many reaſons to ſuppoſe it had been 
ſeen before, but had then been conſidered as a fix- 
ed ſtar. Dr. Herſchel's attention was firſt engaged 


by the ſteadineſs of it's light: this induced him 


to apply higher magnifying powers to his tele- 
ſcope, which increaſed the diameter of it: in two 
days he obſerved that it's place was changed; he 
chen concluded it was a comet; but ina little time 
be, with others, determin ed that it was a planet, 
from it's vicinity to the "ecliptic, the direction 
ne w__ FO _—_ ſtationary in . | 
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& 26d in ſuch circumſtances as correſpond with 
fimilar appearances in other planets. Fr 

With a teleſcope, which magnifies about 300 

| gh it appears to have a very well-defined . 
viſible diſk but with inſtruments of a ſmaller 
power it can hardly be diſtinguiſhed from a fixed 
ſtar between the ſixth and ſeventh magnitude. 

When the moon is abſent, it e * be ſeen 

by the naked eye. 

Dr. Herſchel has 4 i: nat it is 
attended by tvo ſatellites: a diſcovery which 
gave him conſiderable pleaſure, as the little 
| ſecondary planets, ſeemed to give a dignity! to 
the primary one, and raiſe it into a more conſpi- 
cuous ſituation n the ous: wochen of our 

ſolar ſyſtem. a 

As the Ae of 0 e a Koper 

; in miles, are a burden to the memory, aſtrono- 15 
mers often expreſs their mean diſtances in a 

' ſhorter. way, by, ſuppoſing. the diſtance. of che 

earth from the ſun to be divided into ten parts. 
Mercury may then be eſtimated at four of ſuch 
parts from the ſun, Venus at ſeven, the earth 
at ten, Mars at fifteen, Jupiter at fiſty-two 
ſuch parts, Saturn, at ninety-five, and: the e 
gium Sidus 190 parte. b 
By comparing the periods of the 3 or 
the time they take to finiſh their revolutions, | 
With their diſtance from the ſun, they ate found 


N Pg 
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to each other; for the nearer any planet is to 
the ſun, the ſooner does he finiſh his revolution. 
And in this there is a conſtant and immutable 
law, which all the bodies of the univerſe in- 
vViolably obſerve in their circulations; namely, 
Tur THE SQUARES or THEIR PERIODICAL. 
TIMES ARE A8 TE CUBES' or THEIR DISTANCES 
FROM THE CENTER OF THEIR ORBITS ABOUT WHICH | 
THEY KEGULARLY PERFORM THEIR MOTIONS. 
We are indebted to the ſagacity of Kepler for 
the diſcovery of this law ; he was indeed one of 
the firſt founders of modern aſtronom y 
We cannot conclude this general lte of 

| the ſalar ſyſtem better than in the words of 
that excellent mathematician, Mr. Maclaurin. 
The view of nature, which is the immediate 
object of ſenſe, is very imperfect, and of 
ſmall extent; but by the aſſiſtance of art, and 
the aid of reaſon, becomes enlarged, till it loſes 
itſelf in infinity: As magnitude of every ſort, , 
abſtractedly conſidered; is capable of being in- 
creaſed to infinity, and is alſo diviſible without 
end; ſo we find, that in nature the limits of I 
greateſt and leaſt dimenſions of things 
actually placed at an | immenſe” diſtance ben 


5 _ other. 1" A . 


We can beser no bounds of the wo er. 


panic in which natural cauſes operate, and fix 
no limit, or termination, to the univerſe. The 
8 we me call ER vaniſh, when 
| ” E 2 | | we 
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we a e the vaſt body of the earth. The 
terraqueous globe itſelf is Joſt in the ſolar ſyſtem, 
the ſun itſelf dwindles into a ſtar; Saturn's vaſt 
orbit, and all the orbits of the comets, crowd 
into a point, when viewed from numberleſs 
places between the earth and the neareſt fixed 
ſtars. Other ſuns kindle to illuminate other 
ſyſtems, where our ſun's rays are unperceived; 
but my alſo: are ſwallowed up in the vaſt ex- 
When we have riſen ſo high, as to 
. all definite meaſures” far behind us, we 
find ourſelves-no nearer to a term, or limit. 5 
Our views ef nature, however imperfect, 
ferve to repreſent to us, in à moſt ſenſible man. 
ner, that mighty power which prevails throughh- 
out, acting with a force and efficacy that ſuffers - 
no diminution from the greateſt diſtances of 
ſpace or intervals of time; and to prove that all 
things are ordered by infinite wiſdom, and per- 
fect goodneſs. Scenes which ſhould excite ang 


Or THE RY: on e Ficus or Tus Eapru, 5 


Having given a ee idea of the Caperni. 5 
can ſyſtem, and the bodies of which it is compo- 
ſed, it will | be- neceſſary to enlarge theſe ideas 
þy a more minute deſcription of the particular 
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Parts, which ſorm this great whale; and to 
ſtrengthen them by the force of that evidence, 
on which the ſyſtem is founded. „ 
Me have already obſerved, that the appearance 
of the heavenly bodies is not the ſame to the in- 
habitants of various parts of the earth; that the 
ſun, the moon, and the ſtars, riſe and ſet in 
Greenland in a manner very different from what 
they do in the Eaſt Indies, and. in both places 
very different from what they do in England: 
and as it was natural to attribute the cauſe of 
this change in the apparent face of the heavens, 
to the figure of the earth, (for appearances muſt 
ever anſwer to the form and ſtructure of the 
things) the nature of this figure was, therefore, 
one of the firſt objects of inquiry men Dry | 
7 5 and aſtronomers. 
Some of the ſages of antiquity concluded, this 
the earth muſt neceſſarily be of a ſpherical figure, | 
becauſe that figure was, on many accounts, the 
moſt convenient for the earth, as an habitable 
world: they alſo argued, that this figure was the 
moſt natural, becauſe any body expoſed to 
forces, which tend to. one-common center; as is 
the caſe with the earth, would neceſſarily aſſume 
a round figure. The aſſent, however, of the 
| modern philoſopher to this truth, was not des 
termined by ſpeculative reaſoning; but on evi- 
dep of derived from facts and actual obſerva- 8 


8 theſe 1 ſhall ſelect thoſe argu- 
e 3 | ments, 
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[ | ; | ments, au I rhink will have _ Oy weight 


with young OBO: 
ſpedtive, that if: any body, in oy — and 
under all circumſtances, projects a circular 
"OO, that body muſt be a globe. . 
It is alſo known, that eclipſes een moon 
are cauſed by the ſnadow of the earten. 
And we find, that whether the ſhadow be pro- 
keded towards the caſt, or the weſt, the north, 
or the ſouth, under every circumſtance it is cir- 
cCular; the body, therefore, that caſts the 
ſhadow, which is the earth, ON of a glo- 
n figure. 55 1 10. If #7 
We ſhall 8 ee bing e of 
15 | 1 globular ſhape of the earth, by inquiring in 
1 - what manner a perſon ſtanding upon the ccaſt 
Hof the ſea; and waiting for a veſſel which he 
knows is to arrive, ſers that veſſel. We ſhall 

find, rhat he firſt of all, and at the greateſt dif- 

[  rancey ſees the top of the maſt riſing out of the | 
vater; and the appearance. is, as if the ſhip was 
ſwallowed. up in the water. As he continues 
to obſerve the object, more and more of the 
maſt appears; at length he begins to ſee the 
n degrees the whole body 5 
of the veſſel. On the other hand, if the ſnip be 
| Lbs from us, we firſt loſe ſight of the hull, 
4⁊tꝗt a greater diſtance the main-ſails diſappear, 
and at a All ee the top-ſail. But if the 
ſurface 


"% +. 
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ſurface· of the ſea were a plane, the body of the 
ſhip, being the largeſt part of it, would be ſeen 
firſt, and from the greateſt diſtance, and the 
maſts would not be viſible till it came nearer. 
Io render this, if poſſible, {till clearer, ,let us 
| 95 1 two ſhips meeting at ſea, the top-maſt 
of each are the parts firſt diſcovered by both, 
the hull, &c. being concealed by the convexity 
ol the globe which riſes between them. The 
ſhips may, in this inſtance, be reſembled; to two 
men, who approach each other on the oppoſite 
ſides of a hill; their heads will be firſt ſeen, and 
gradually, as they approach, the body will come 
entirely in view: From hence is derived a ra- 
tional method of eſtimating the diſtance of a 
ſhip, which is in uſe among ſea-faring people, 
namely, of obſerving, How Low THEY CAN BRING = 
HER DOWN, that is to ſay, the man at the maſt- 
head fixes his eyes on the veſſel in fight, and 
| Nowly deſcends by the ſhrowds, till ſhe, becomes 
no longer viſible. The leſs the diſtance, the lower 


he may deſcend before ſhe diſappears, If ob- 


ſervations of this kind be made with a teleſcope; 
the effect is ſtill more remarkable; as the diſ- 
tance increaſes or diminiſhes, the ſhip in fight - 

will appear to become more and more immer- 

| fed, or to riſe gradually out of the water.. 
This truth is fully evinced by the following 
5 conſideration ; that ſhips have. ſailed round the 

| earth, have gone out to the weſtward, and have 
bs 4 E 4 | . come 
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come home Gen the caſtward; - or in other 
words, the ſhips have kept the ſame courſe, and 
yet returned from the oppolite ſide into the har- 
bour whence they firſt failed. Now we are certain 
that this could not be the caſe, if the earth were 
a plane; for then a perſon, who ſhould ſet out 
for any one point, and go on ſtrait forward, 
without ſtopping, would be continually going 
further from the point from- which he ſet out. 
This argument may be much elucidated, by 
referring the pupil to a terreſtrial globe, on 
which he e nee of an Aden 9 85 
gh Ay and 2, plate II. are illuſtrations'of the 
Caring principles. Fig. 1, ſhews that if the 
earth was a plane, the whole of a ſhip would be 
| ſcenat once, however diſtant from the ſpectator, 
and that whether he was placed at the top or 
_ © bottom ofa hill. From fig. 2, it appears, that 
the rotundity of the earth, repreſented by the 
circle A B C, conceals the lower part of the ſhip 
d, while the top-maſt is ſtill viſible; and that it 
is not till the ſhip comes toe W n | 
1 viſible. | 
The following. remarks ens "FORE nook; | 
oper wary ſtar near the northern part of the 
horizon, and if you travel to the ſouth, it will 
ſeem to dip farther and farther downwards, till 
by proceeding, it will deſcend entirely out of 
fight. In the mean time, the ſtars to the ſouth- 
5 | 5 e 
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pen, if he went to the northward. 
that the earth is not a plane ſurface, hut a curve 
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ward of gur traveller will ſeem. to riſe. blgher and 


higher. The contrary APPERTANCER would hap- 


in the direction ſouth and north. By an obſer- 


vation nearly ſimilar to this, the traveller may 


prove the curvature of the earth, in an eaſt and 


; weſt. direction. 


The globular 1 e e e d 6 


= inferred from the operation of levelling, or the 


artpf conveying water from one place to another: 


for in this proceſs, it is found neceſſary to make 


is proves 


an allowance between the true and apparent. - 


level; or in other words, for the figure of the 


earth. For the true level is not à ſtrait line, 


but a curve which Falls below the ſtrait line 


about eight inches in a mile, four times eight in 
two miles, nine times eight in three miles, ſix- 
teen times eight in four miles, always MOT 


As the ſquare of the diſtance, - _ . 


What the earth loſes of it's ſphericity dy moun- | 
is very inconſiderable; the 
higheſt eminence bearing ſo little proportion to. 

it's bulk, as to be ſcarcely. equivalent to the 
e protuberance on the ſurface of a lemon. 


Wee and vallies, is 


It is proper, however, to acquaint the young 


conſidered as ſuch ; yet in the fring 
* muſt be obſerved, that it is not a and 


1 ; 


4 Pupil, that though we call our carth a globe, and 
that when ſpeaking in general. tens it may b 
5 {of truth. 
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ſpherois; fattrneda HW oWards the poles, aid | 
wellig at the equator; the equatorial diameter 
being abbüt thirty- four miles longer than the 
diameter from pole to pole. This difference 
bears, 'tHerefore, too fmall a portion to the 
eee to de repreſented on globes. M. Caſe 
ſini, from Picart's meaſure of a degree, afferted, 
| chit the Garth wüs an oblong or prolate ſpheroid, _ 
flattened At the 'hjuator, and protuberant at the 
5 poles? while Newton and Huygens, from à con- 
ſiderarion of the known laws and the diurnal 
motto ef the earth, concluded that the figure of 
the earth was that of an oblateſpheriod flattened 
at the pol protuberant at the equator. To decide 
this important queſtion, Louis XIV. ordered two 
degrees of the ineridian to be meafured oneunder 
the equator, tlie other as near the pole as poſſible. 
For this purpoſe, the Royal Academy of Sciences 
ſent 'Mef? Maäpertuis, Clairaull, Camus, and * > 
Le Monnier; t6 Lapland: they ſet out from 
Frames in 173 & and returned in the ſpring of the 
year 1 36, Having ſatisfactorily accompliſhed the 
| purpoſe for w hi they were ſent. Meſſ. Godin, ; 
Condamine: {indi Bouguer were ſent on the ſouthern 
expedition; t "theſe the King of Spain Joined 
| Don/Gebrge' Juan, and Don Anthony de Ulloa, 
ho left” Europe in the year 1735, und. - 
aſter encountering / innumerable hardſhips 
5 9. difficulties; teturned to apes in diffe- 
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rent times, and by. different ways, in 1744, 

1745, 1746. The reſulr 6 this arduous taſk 
was a complete confirmation of. Newton's theo- 
retical inveſtigation. The difference between the 


equatorial and polar dimenſions, when compared 


with the earth's ſemidiameter, is hut an Facon=- 
ſiderable quantity, amounting in the whole to 
an elevation of little more than 161 of 3970; 
that is, to leſs. than a 240th part of the diſtance 
from the ſurſace of the earth to the center. If 
a meridional ſection of ſuch a ſpheroid were 
laid down upon paper, the eye would not 
ee it tm A perfect circle. Tr Ps ce 
Or THE DI URNAL Moriox or This Eanry: ,, 


"62 -24 + i © 
£824" S''$ 1 


Though i it is this motion which gives us the” 
grateful viciſſitude of day and night, adjuſted. to 
the times of labour and reſt ;, yet young people 
generally find ſome difficulty in conceiving that 
the earth moves; the more ſo, becauſe; in order 
to allow it, they muſt give up, in a great mea 
ſure, the evidence af their exterior ſenſes, of 
| which, the impreſſions are at their age exceed- 
ing ſtrong and lively. It will, therefore, be 
; neceſſary for the tutor, to prove to them, that 
| they can by no means infer that the earth is at 
| reſt; becauſe it appears ſo, and, convince them 


by a variety of facts, that reaſon. een 0 


correct the fallacies of the fene. 
; ee © end we e ſhall here point out . in 5 
78 | 2 | 
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* where apparent motion is 8 in 
at reſt, by the real motion of the ſpec- 


tator. Let us ſuppoſe a man in a ſhip to be 
carried along by a briſk gale, in a direction pa- 
rallel to a ſhore; at no great diſtance from him; 
uhile he keeps his eye on the deck, the maſt, 
the ſails, or any thing about the ſhip; that is to 
ſay, while he ſees nothing but ſome part of the 
veſſel on board of which he is, and conſequentiy 
every part of which moves with him, he will 


not perceive. that the ſhip, moves at all. Let 
him, after this, look to the ſhore, and he will ſee 
the houſes, trees, and hills, run from him in a 
direction contrary to the motion of the veſſel; 

and ſuppoſing, him to have received no previous 
information on this ſubject, he might naturally 
conclude, that the een motion of oe: 


FE bodies was, real. 1 96 


In a ſimilar a to A109 we may conceive 


e the inhabitants of the earth; who, in early times. 
kknovwing nothing of the true ſtructure or laws 


of the univerſe, ſaw the ſun, the ſtars, and the 
f planets, riſe and ſet, and perform an apparent 
revolution ahout the earth. They had no idea 
of the motion of the earth, and therefore all this 
appearance ſeemed reality. But as it is highly ; 


reaſonable to- ſuppoſe, that as ſoon as the ſlight- 


t hint ſhould be given to the man, of the mo- 
tion of the veſſel, he would begin to forma ne- 
inion, and conceive it to be more rational, 


2 
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that ſo ſmall a thing as the ſhip. ſhould. move, 
rather than all that part of the earth which was 
open to his view; ſo, in the ſame manner, no 
ſooner was an idea formed of the vaſt extent and 
greatneſs of the univerſe, with reſpect to this 
earth, than mankind began to conceive it would 
be more rational that the carth ſhould n 
: the whole fabric of the heavens. | 
By another familiar inſtance, it will be ey. to 
4 aw the young pupil, that as the eye does not 
perceive it's own motion, it always judges from 
appearances. Let a perſon go into a common 
windmill, and deſire the miller to turn the mill 
round, while he is ſitting within it with his eyes 
fixed on the upright poſt in the center thereof; 
this poſt, though at reſt, will appear to him to 
turn round with conſiderable velocity, the real 
motion of the mill being the cauſe of the appa- 
kent motion of the ſwivel poſt. Sea - faring peo- 
ple are furniſhed with various inſtances to illuſ- ET 
trate this ſubject; thoſe who are. buſy in the hold 
ny ſhip at anchor, cannot by any perception 
| determine whether the ſhip has ſwung round or 
| _Notby the turn of the tide. When a ſhip firſt ges 
under way wich a light breeze, ſhe may be going 
TY at good rate before thoſe ha are between 
decks can perceive it. Having thus obviated 

5 hw: objections which ariſe. from the teſtimon 

eee _ e oconſider 
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arguments which tend more ee to prove 
the motion of the cartin. 

All the celeſtial motions will, on' "this os: 
| poſition, bo bee, to ii more Pn cont m_ 
Dome cap te 

This opinion is den more e to our 
notions of final cauſes; and our knowledge of the 
cxconomy. of nature; for if the earth be at reſt; 
and the ſtars, &t. move round it once in 24 
ours, their velocity muſt be immenſe ; and it is 

certainly more agreeable to reaſon, that one 

Giggs body, and that one of the ſmalleſt, ſhould 
revolve on it's own axis in 24 hours, than that | 
the whole e ſhould be carried round it, 8 
70 fame: time, with inconceivable velocity. | 

The rotation of the earth round it's axis is 
analogous to what is obſerved in the ſun, and 
- moſt of the Planets: ĩt being highly probable, 
that the earth, which i is itſelf one of the planets, 
liould have tlie ſame motion as they have, for 
produc ne the ſame effect: and it would be as 
abſurd v us contend for the motion of the 
- whole hcavens round us in 24 hours, rather than END 5 
allow a diurnal motion to our globe, as it would 1 
be for the inhabitants of Jupiter to inſiſt that our 
. globe, and the whole heavens, -muſt revolve | 
round them in ten hours, that all it” s.parts might 8 i | 
ee enjoy the light, rather mares ere a | 15 
irnal motion to 1 1 ame, . 
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All the phænomena relative to this ſubject, arr 


as eaſily ſolved on the ſuppoſition of er 
motion, as on the contrary hypothæſis. | 


The truth of the foregoing poſition is e 


illuſtrated by the armillary ſphere, which is ſneun, 

fig. 2, pl. XIII. The exterior circles repreſent 
the ſphere of the heaven; within theſe; and ĩn the 
center of the ſphere, is placed a little globe, ſup- 

ported by a ſteel axis. 4 and 4 are to milled 
nuts. By moving the nut a, the ſmall globe 


may be turned round the ſame way we ſuppoſe 


our earth to revolve, while the outer part, or 


ned the contrary way, the ſphere will move round- 


the globe, the ſame way as the heavens appear 


A 


to move. Thus, by this machine, the real mo- 
tion of the earth round it's axis, within the ſphere 
of the heavens, or the apparent motion of the 


heavens round the earth, may be repreſented: 25 
and it ſhews, that che reſult of the various pro- 
blems are the ſame, whether we ſuppoſe the 


5 | heavens to move Wee mms. or the e | 
 torevolve on it varie: en gs) a edt. 


Befides the LG contig t 


| ſeveral arguments to be deduced from the Ueber | 
püarts of aſtronomy, which nene, prove. - 
5 701 ME motion of the eart ng 


deter , Derix Trios“ N gh 9121. 
e we area explanation of 


| phenomems, it will be nn, define; ſome 


"= 
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of the principal circles of the globe. The reader 
will comprehend -more fully theſe definitions, 
and attain more accurate ideas of theſe circles, by 


placing, while he is reading them, a terreſtrial 
globe, or armillary ſphere, before him. It may, 


a however, be neceſſary to premiſe, that we are at 


liberty to ſuppoſe as many circles as we pleaſe, 


eee 


any of theſe to be continued from the earth, until 


it marks a e eg ana * the conc ave 


ſphete of ce heavens;)*/ 
g Among theſe bree 8 is 8 


frequently named. Properly ſpeaking, there are 


* 


two circles called by this name, but diſtinguiſhed . 


| I in genera rerms,che nenne. may "be df 


Il a ſpectator ſuppoſes the floor or plane- on 


vhich he ſtands, to be extended every way, till 
it reach the e e. this W is his 6 


SENSIBLE HORIZON. i J + 8 woke? . 
The RATIONAL Ho 


\ — 


from each other by added epithets, the ane being 
called the eee, ww 07 "pain RATIONAL 
_ » HORIZON« + / 7 21 33 


| ORIZON is a n whoſe 8 
eee, to the 1 yr e 
through the center of the earth. - 
The rational horizon divides: e concave 

ſpbere of the heavens into equal parts, or hemi- 
188 ee the upper bemi- om 
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ſphere will be viſible; ſuch as are in che lower 
hemiſphere will be inviſible to the ſpectator. 
Though the globe of the earth appears ſo large 
to thoſe who inhabit it, yet it is ſo minute a ſpeck, 
when compared to the immenſe ſphere of the 
heavens, that at that diſtance the planes of the 


7 rational. and ſenſible horizons. coincide; or in 
other words, the diſtance between them in the 


1 ſphere oh the heavens, i is 700 {mall for e. 
ment. NN 5 


To, inden this. AB cb. fig. Do 2 


III. repreſent the earth; z hno the ſphere of 
the ſtarry heaven. If an inhabitant of the earth 
ſands upon the point A, his ſenſible horizon is 
fe e, his rational one ho; the diſtance between 
the planes of cheſe two horizons is A F, the 
ſemidiameter of the earth, which is meaſured. i in 
2 great circle upon the ſphere. of the heaven, by 
the angle e F o, or the arc. e 0; this arch in ſo 


ſmall a circle, as 2 h no, would amount to ſeveral 


i degrees, and conſequently the difference between 
the ſenſible and the rational horizon would be 
great enough to be meaſured by obſervation. If 


45 wwe repreſent the ſphere of the heaven by A larger . 
circle, the ſemidiameter of the earth A F mea- 

ä ſured i in this circle, will amount to fewer degrees; 3 

for the arc E O is leſs than the are eo: and the 


larger the ſphere of the heaven is, in proportion 
d o the globe of the earth, the leſs ſenſible is the 


e between che two horizons, 4 Now as 
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the ſphere: of the carth is but as 2 point, when 
compared to the ſtarry heaven, the difference 
Mev nr the fenen and rational Wartet wil be 
5 inferitible.” 
From what as been ſaid, it pen thar tee 
7 only diftinetion between the ſenſible and rational 
Horizon, ariſes * 5 UiASUCE of gr i ue | 
are looking at. FF 
The sENSTBLE nonrren is an en elects, 
; which terminates cur view, when the FRAME we 
are looking at are upon the earth s ſurface. : 
IM The naTIONAL /HORIZON| is an imaginary Lind | 
which terminates our view, when the objects we 


As the tien W e the Arenen I 
celeftia} ſphere into two equal hemiſpheres; and 
| ferves as a boundary, from which to meaſure the 
elevation or depreſſion of celeſtia} objects; thoſe 


in the upper, or viſible hemiſphere, are ſaid to 


5 be high, or elevated, above; the horizon; and 
tlrofe in che other ins amore ealled low, of 
| below the hetizon. e 1 
The earth being perde! de esc. 5 
or limits of our view, muſt change as we change 
our place; and therefore, every place upon the 
earth has a different Horizon. Thus if a man 
lives at a, fig. 2, plate ITE. Ris Horizon is Ge: 
55 if be lives at b. is horiaon is HD: if ar c. it is | 
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the kellely of the earth; for if it were flat, all 


the inhabitants ee would' 12 85 the fame 


horizon. 


The point in the betten which is is direct EY 
over the head of a ſpectator, is called the zxxrrn. 
That point which is UTE under his feet, i ; 


called the NADIR. 


If à man lives at a, fig. 2, FR III. his 
A is A, his nadir E. If ke lives at b, his 


Zenith is B, his nadir F; conſequently the zenith 


and horizon of an obferver remains fixed in the 


| heavens, fo long as he continues in the ſame 


place; but he no fooner changes his poſition, 


than the horizon touches the earth in another 
point, and his e e to 4 = CO nk 
in the heavens. 

The axts of "Wo earth, is an E line; 


|  coriceived'to be drawn through the center of the 


8 upon which linit's revolutions are made. 
The yoras of the earth, are the extremities r 

is axis, or thoſe two points on it's ſurface; 

where it's axes terminate; one of theſe is called 


che Non, and the other the 806TH POLE. The 5 


poles of the heavens, or of the world, are thoſe 


two points in the heavens, where the axis of the 


curthy i produced; would terminate; ſo that the 


north pole of the heavens is exactly over the 
_ Horth pole of the earth, and the ſouth pole of the 


"NE Rs overthe ſouth opera 
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The 00 Aros, is an imaginary circle, w hich i is 


ſuppoſed. to be drawn round the carth's e ee 
in the middle bet u een the two poles. It divides 


the earth into two equal parts, one of which is 


called the NORTHERN, the other the SOUTHERN, 


HEM ISPHERE. 


If we ſuppoſe the plane of the earth s ; equator. 
to be extended all ways, as far as the heavens, it 


will mark there a circle, that will divide the hea- 


vens. into. two. equal parts; this circle i is called | 


| ſometimes. the  BQUINOCTIAL, ſometimes the 

CELESTIAL n. ol.) 0 
The MERIDIAN. 4238 any. V place,” is a circle p 

poſed to paſs through that place and the poles of 


the earth; we. may therefore imagine as many 


Os 


meridians as there are places upon. the earth, 
- vs any place that i is ever ſo little tothe eaſt or 


vVeſt of another place, has a different meridian. 


By the foregoing, definition, we ſee that the 


"meridian of any place is immoveably fixed to that 
place, and carried round along with it by the 
rotation of the earth. The meridian marks upon 


the Plane, of Jig: horizon. the: ron, and ſouth 


{2 0 


The . he 4 appears to oe 


every year, in the concave ſphere of the heavens, 
is called the xcII ric. It is thus denominated, | 


becauſe, in all eclipſes the moon is either i in or 
plane of it. 0%: 2 the earth moves 


80 . 


2 > 


2 . © round | 
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Yo round the ſun, in the plane of the ecliptic, It is 
- likewiſe the plane of the earth's orbit. = 
If we conceive a Zone, or belt, about ſixteen 
| Peſan broad in the concave ſphere of the hea- 
ven, with the ecliptic paſſing through the middle 
of it, this zone is called the zodiac. The ſtars 
in the zodiac were divided by the ancients i into 
twelve equal parts or ſigns, to correſpond with 
the months of the year; and becauſe the number 
twelve with them was always expreſſive of ful- 
neſs or completion, it is uſed in that ſenſe in 
facred writ. The'figns are named, Aries, Taurus, 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, | 
SCORERS Capricornus, Aquarius, Pifces. 
We may imagine as many circles as we pleaſe 
drawn'on the globe, parallel to the equator, and 
| theſe will decreaſe in their diameter, as they ap- * 
proach nearer the poles.” The Tropics are two 
leſſer circles of this kind, parallel to the equator, 
and 23 degrees diſtant from it; one in the 
northern hemiſphere, which is called the TROPIC 
or CANCER; the other in the ſouthern, which is 1 
called the TROPIC. or CaPRICOnn. If de con- nl 
ceive the planes of theſe circles expanded, ill 
they reach the ſtarry heaven, the ſun will be ſcen 85 
to move in that circle which correſponds! to the | 
tropic of cancer on the longeſt ſummer's "day. „„ 
and in that circle which anſwers to the 5 85 gs _ 
5 W 96 . 1 (7 3 
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The polar circles. are two Jeſſer circles, con- 


| ceived to be deſcribed at Not een diſtance N 


9 


from, each. pole. | 
I The axis of the cu i is 04 W 90 
of che ecliptic, and makes with it an angle of 
66+ degrees; therefore the plane of the earth's 
equator cannot coincide with the plane of the 
ecliptic, but theſe two planes make ith: one 5 
eee 231 degrees. e NE 


Or THE ANNUAL Morton or THE Eanru,, 


| The foregoing definitions being underficnd; ; 
we may now prcceed in the deſcription of the 
phenomena. of our ſyſtem. It is owing to the 
induſtry , of modern aſtronomers, that the annual 
motion of the earth bas been fully evinced : for 
though this motion had been known to, and 
_ - adapted by many amogg the ancient philoſo- 
Phers, yet they were not able to Be, theie 
| opinions that degree of robabili | 
attainable. from modern diſcoveries w 2 
the eyidencę ariſing from thoſe demonſtrative 
proofs of which we Are now in. poſſeſſian. We 
oy ſhall, therefore, enu ſome. of the :xeaſans 
1 102} which. induce. aftronomers to believe that the 
earth maves round -the ſun, and than explain 
further the nature of this motion, calculated to 
dfford us the;uſcful and delightful variety of the 
* ſeaſons, the mutual allay gf immedemte heat 
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and cold, as alſo for the ſucceſſive grouth and 


recruit of vegetation. _ 
The celeſtial motions. 3 3 


more ſimple, and free from thoſe looped contor- 
tions which muſt be ſuppoſed in the other caſe, 


and which are not only extremely improbable, 


— 


TO TIMES. ARE , AS THE .CYBES or THE 
„ DISTANCES 3 i 


but incompatible with what we know of motion. 


This opinion is alſo more reaſonable, on ac- 
count of the extreme minuteneſs of the earth, 
when compared with the immenſe. bulk of the 
ſun, Jupiter, and Saturn; and there are no 
known laws of motion, according to which ſo 
great a body as the ſun can revenge about ſo Oral | 
a one as the earth, - 


The ſun is the fountain of Light and heat, 
which it darts through the whole ſyſtem ;- it 
ought, therefore, to be in the eee 
influence may be regularly diffuſed through the 


whole heavens, and communicated in juſt grada- 
tions to the whole ſyſtem. 


When we conſider the ſun as the ceyteres of the 
ſyſtem, we find all the bodies moving round it, 


i : agreeable to the yniverſal laws of gravity; but 
upon any. _ en we are Jef in the 
dark. 1 


The motion 18 hs a Sa Fin the fun, accords 
with that general harmony, and univerſal law, 


which a the other moving bodies in the ſyſtem 


namely, THAT, THE SQUARES or THE 
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' Dreraxces; but if the ſun moves round the 
earth, that law is deſtroyed, and the eren 
order "of ſymmetry in nature interrupred. | 

It is inconteſtibly proved by obſervation, a 
motion having been diſcovered in all the fixed 
flars, which ariſes from a combination of the mo- 

_ tion of ligt with gene motion of wy 2 in 0 

; RY orbit. r 1 2 

It will be PR men in it's Wa icht 

15 van Mercury move round the ſun in orbits 
that are between it and the earth; that the orbit 
of the earth is firuared between that of Venus and 

Mars; and that the orbits of Mars, Jupiter, &c. 
are " experior 185 a include the EN three. N 


* 1 
Or. THE ; APPAR r Morton o or THE Sus, ARISING | 
FRO THE * EARTH: 8 ANNUAL Morro Wenn 2 | 


1 1 a ads Hits g wet ſea evan the f 
bk Sen the villages) and other remarkable places | | 
6h land, appear 10 change their ſituation, and to 
paſs by him; fo it is im the heavens· To a ſpec- 
tator upon the earth, as it moves along it's orbit, f 
or ſalls as it were through celeſtial ſpace, the ſun, 
the planetz, en 1 fixed ſtars, e to o change 
| their W eee 

Apparent change of wits Spes lets i the 

one is that of bddies ut tet. rhe change f Wheoſe 
place depends ſolely on that of the ſpectator; 
the other is Tos of on nn whoſe ap- 
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5 parent change of place depends as well on their 

- own motion, as on that of the ſpectator. | 
 \ Weſhallficſt conſider only that apparent change 
which takes place in thoſe which are at reſt, and 
which is owing wholly to the motion of the earth, 
and ſhew that the ſun, when ſeen from the earth, 
will appear to move in the ſame manner, whether 
it revolves round the earth, or whether the earth 
revolves round the ſun. Let us ſuppoſe che earth 


at reſt, without any motion of it's. own, and ler 


the ſun be ſuppoſed to revolve round it in the 


orbit ABC D; fig. 1, plate IV. and let EFG H 


| be a eſrele in the concave ſphere of the ſtarry 
heavens; as the fun moves in the order of the 
letters AB CD in it's orbit, it will appear to a 


ſpectator on. the earth to have deſcribed the circle 
isat A, it will appear, 


'EFGH. When the ſun 
as if it was among the fixed ſtars that are at E; 
when it is at B, it will appear among the fixed 


lars at F; when at C, among thoſe at H; 


and when it is at D, it will appear among the 


fixed ſtars at G. Indeed, the fixed ſtars and the 


5 ſun are not ſeen at the fame time; but we have 
| "thewn, that we may” tell in what part of the 
* "heavens the ſun is, or what fixed ſtars i it is near, 


by knowing thoſe which are oppoſite to it, or : 


' come to the ſouth at mitinight. Therefore, if 
we find that any ſet of ſtars, as'thoſe at'G for in- 


fance, come to the ſouth'at midnight, we may 


be ſure that they are oppoſite to the ſun; and 
: N if v we . the ſtars in that 
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0 
e where the fin: is, we Gould 
ee es Kiepe OE, 


- - Secondly, let ys ſuppoſe that S is the fun, kat | 


It. bas no. motion of it's on, that it reſts within 
| d aht A B C B. in which we ſhall now ſup- 
Poſe the earth to move, in the order of the letters 
ABC. Upon this ſuppoſition, when the 
Fanh is at A, the ſyn will appear in that part of 
dhe haavens where the ſtars I are; when the 
earth is at B, the fun will appear in that part of 
dhe heayens where the ſtars G are; when the 
arvh'is at C, the ſup will appear in that part of 
#he heayens where the ſtars E are; and as the 
Furth revolves mund the ſun, in the orbit A BC : 
D., the ſun will appear to a ſpedhntor on thecormh 1 
0 geſcribe the circle G HE F. 


Thus ee mee, od the fn . 


u en in e eur ABCD. or the ſun is at 
oſt; and _the-garth tevol ves in the ſame orbit, a 
ſpectsto on the earth 4 ſee the ſun deſcribe 
ſtthe ſache circle Khon ds eee ſphere | 
A the hasen. . | 

Hlence if . of is canth's 0 be 5 
paging to be extended to the heavens, it 


= would cut the ſtarry firmament in that yery 8 


cle, in which a ſpectatar in the ſun would ſee the 


kan nevgive every year : while an inhabitant of 


.- mheaarthwauld-abſcryeths ſun to ga thraugh the 
5 dme cirele, and in the fame ſpace of time thatthe 5 
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The inhabitaatz of all the other plagen wil 


obſerve Juſt ſuch motions in the ſyn as we do, 
and for the very ſame reaſons; and the ſun will 
be ſeen from every planet to deſcribe the fame. 


Circle, and in the ſame ſpace of time, that a 


ſpectator in the ſun would obſerye the planet to 
do. For example, an inhabitant of Jupiter 
 yould think that the ſun reyolyed round him, 
deſcribing a circle in the heavens in the ſpace of 
twelve years; this circle would nat be rhe ſame 
with our ecliptic, nor would the ſun appear to 
| paſs through the ſame ſtars which he does to us. 
On the fame account, the ſun, ſeen from Saturn, 
will appear to move in another circle, diſtinct 


from either of the former ; and will not ſeem to 


- finiſh his period in leſs time than thirty years. 
Now as it is impoſſible that the ſun can bave all 
theſe motions really in iiſelf, we may ſafely affirm, 

that none of them are real, but that they are all 


apparent, and arife from the e 


reſpective planets. 

One phenomenon arifing from the api moe 
tion of the earth, which has already been lightly, 
touched pon, may now he more fully explained ; 
for as from this motion, the ſun appears ta mae 


from weſt to eaſt in the heavens, if a ſtar xiſes ar 


ſets along with the fun at any time, it will in the 


courſe of a few days riſe or ſet before is, becauſe 
+ the ſun's apparent place inthe heavens will be re- 
moved to the eaſtward of that ſtar. Hence thoſe - 
| f * | „ % 0 PAR .. Do 
: NE E 45 Hs 3 Pr ; IF 3 > 15 1 ſtars 
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8 ſtars „en at one time of the year ſet with the 

ſun, and therefore do not appear at all, ſhall at 
another time of the year riſe when the ſun ſets, 

and ſhine all the night. And as any one ſtar 
ſhifts it's place with reſpect to the ſun, and in 
conſequence of that with reſpect to the hour of 
the night, ſo do all the reſt. Henee it is that 
all thoſe ſtars, which at one time of the year ap- 
pear on any one ſide of the pole ſtar in the even- 
ing, ſhall in half a * brag Ge on the ago 

ſide thereof. 


Ph Or . OCCASIONED, BY THE ANNUAL. 
"AND DIURNAL, Morions or THE EARTH. | 


i ; 


Firſt, of thoſe that ariſe from the "diurnal 1 
motion. As the earth is of a ſpherical figure, 
that part of i it which comes at any time under the 
cotifined view of an obſerver, will ſeem to be er. 
tended Uke a plane; and the heavens will appear | 
af a concave ſpherical ſuperficies, divided by the 
_ aforeſaid Plane into two equal parts, o one of which 

is viſible, the other dealer, from us' 1 £ the : 
opacity of the earth. N 
Now the earth, by i it's. e TIED it's 
axis, carries the: ſpectator and the aforeſaid plane 
from WEST” TO/ EAST; therefore all thoſe bodies 
to the caſt, which could not be ſeen becauſe they ; 


wivebelow the! plan 'of the ont, vill become 

FVV . e 

. mA 1 ot CPE bt 1 Ivs 3 4 12 „„ 
| * bee ge Bo of hl Fly, 
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93 
viſible, or riſe above it, when, by. the rotation 
of the carth, the horizon finks as it were below 
them. On the other hand, the oppoſite part of 
the plane, towards the weſt, riſing above the 
ſtars on that ſide, will hide them from the ſpec- 
tator, and they will 2 088 to ſet, or 80 weer 
the horizon. 
- As the earth, es with BO horizon of the 
ſpectator, continues moving to the eaſt, and about | 
the ſame axis, all ſuch bodies as are ſeparated 
from the earth, and which do not partake of that 
motion, will ſeem, to move. uniformly in the 
ſame time, but in an oppoſite direction, that is, 
from EAST TOWEST ; _ excepting the celeſtial 
poles, which will appear to be at reft.  There- 
fore, when we ſay, that the whole concave ſphere = 
of the heavens appears to turn round, upon the 


"+" axis of the world, whilſt the earth is performing 


one rotation round it's own axis, we muſt be un- 
derſtood to except the two poles of the world, for 
theſe do not partake of this apparent motion. 
It is, therefore, on account of the revolution 

of the earth round it's axis, that the ſpectator 
imagines the whole ſtarry firmament, and every 
point of the heaven, (excepting. the two celeſtial 
poles) to revolve. about the earth from eaſt to 
weſt every rwenty-four . hours, each Point | 
* deferibing à greater or leſſer cirele, as it is * 
or a remote 1 one 10 che celeſtial ae 
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Alchough every place on the fu rface of the ter. 
mqueous globe is illuminated by all the ſtars 
which are above the horizon of that place; yet 
uhen the ſun is above the horizon, his light is ſo 
Kong, thar it quite extinguiſhes the faint light of 
the ſtars; and produces pay, When the ſun 
goes below the horizon, or more properly, when 
our horzon gets above che ſuv}! the ſtars give 
their light, a we are in chat ſtate oy * 
5 WMOHr. a 

Now a5 the earth is an en Ppertel wy, 
1 X great diſtanee from the ſun, our HALF of it 
win always de illuminated thereby, while 8 71 
ee in darkneſs. . 

The citeie which diſtinguiſhes the Mhatnanines 
does of the earꝭh from the dark fide; and is the 


"Boutithity betteen ligt and darkueßz, is gene- 


Fully eakled fur TERM A TOI. A line di 
fror the center of me ſun te the center of the 
eurth, is petpendictilar rd the plane of this circle. 


Whety any pofnt inthe globe firſt gets into the 


ene hetunfppere, the fur is juſt riſen to 


hab pate; when ie gets hun ft. Myn of to N great- | 


est diſtance fror the fe HRInAtör, it is them Mο]³ͥ—D, 
un When it leaves ne enlignitened Henuſphert, 


* is them dr 7 bur ic Hilf eujeys one UMgaut 


Nom the fun; which is reflefied? by the aftfis--. 


e tifF ir gets entern Seger seyend the 
terminiter ? this | wrt ne I ns” 
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We have already ſnewn, that the daily motion 
of the ſun from eaſt to weſt, is not a real, but an 
apparent one, which is owing to the rotation of | 

the earth round it's axis. Now if the fun had 
no other motion but this apparent one, it would! 
ſieem to go once round the earth, in the time of 
| | dene complete rotation, or in 23 houfs, 360 
| minutes; which is the caſe with any of the fixed 
; ſtars, and is therefore the length of à ST¹ REI 
pax. But the ſun is found to take up a longer 
5 time to complete it's apparent revolution; for if 
it is in the ſouth of any partieular place ar 
_ twelve o'clock at noon to=day,. ir wall not com 
plete an apparent revolution, ſo as to return we 


the ſouth of that place again, till twelve o'clotle ©  |I108 
at noon on the next day, and: confequently the 1 
time of this ee revolution: is ———_— TT 
hours. 5 1 
Levuyendeavour to bunker chis — ng 
by defining in other words the. mae af t. Wh 
ſolar and fiderial-day. + 1 
The solAR Dar, 16 6 Gave of dug n 1 | 
intervenes between the ſurys:departing from ar {If 
one meridian; and it's return to the ſame eitel | | 
again; which ſpace is allo called a natural daß, | 
e it is che time e dene e to te 111 
of the next. e e 11 
FE be het d ne 
| happens eee ee en e 5 | 14 
111 
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We are now to ſhew why theſe days differ in 
length, or why the time, that the ſun takes up. 


'to complete one revolution, is longer than the 


time chat the earth takes, to revolve once e 
u S axis. . | FA | 
This difference W 0 from the A $ 3 


motion. For the ſun does not continue always 
a the ſame place in the heaven, as the fixed 


ſtars do; but if it is ſeen at M, fig. 2, pl. IV. 


one day, near the fixed ſtar R, it will have ſhifted. 


it's place the next day, and will be near to ſome 


b other fixed ſtar Li: This motion of the ſun is 
from weſt to caſt, and. one entire revolution: I 


completed in a year. Suppoſe, therefore, that 
the ſun, when it i is at M, near to the fixed ſtar : 


R, appears in the ſouth: of any particular place 


S; and then imagine the earth to turn once 
round upon it's axis from weſt to eaſt, or in the 


direction S T VW, ſo chat the place may be re- 
turned to che ſame ſit ation; after this rotation 
B completed, the ſtar R will be in the ſouth of 


me place as before; but the ſun having, in the 


7 mean time, moved caſtwards, and being near to 


the ſtar L. or to the eaſt of R. will not be in 


dhe ſouth of the place 8. but to the caſtward of. 
| it: upon this account, the place 8 muſt move on 7 


a little farther, and muſt come to T before it 


Vill be even with: the ſun again, or before the 
25 en _ ona POOP in ae e ij 


7 
OY X "Ted $5375 
1 * 
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This may be illuſtrated by an inſtance. The 


two hands of a watch are cloſe together, or even 
with one another at twelve; they both turn round 
the ſame way; but the minute hand turns round 


in a ſhotter time than the hour hand: when the 


minute hand has completed one rotation, and is. 
come round to twelve, the hour hand Will be 
before it, or will be at one ; ſo that the minute? 
hand muſt move more than once round, in order 


to overtake the hour n and be even with it 


again. U „„ 5 247511 | 
As this ſubject i is of G importante, we ſhalt 


endeavour to render it more clear, by placing it 


in a different point of view: the more ſo, as it 
may accuftom the young pupil to reaſon on both 
hy potheſes, namely, the motion of t the de fn, and | 


that of the eartn. mW 
The diameter of the earth's orbit is Hut! a la 


ical point, in proportion to the diſtance of the 


| flats; for which reaſon, and the earth's uniform 


motion on it's axis, any given meridian will re- 
volve from any ſtar to the ſame ſtar again, in 


every abſolute turn of the earth upon it's axis, 


without the leaſt perceptible difference of time 
being ſhewn by a clock which goes exactly true. 


If the earth had only a diurnal, without an 


annual motion, any given meridian would revolve 

from the ſun to the ſun again, in the ſame quan- 

tity of time as from any, ſtar to the ſame ſtar again; 

| becauſe." the ſun would never change his place, 
1 50 5 with 
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with reſpect to the ſtarz. But as the earth ad- 
vances almoſt a degree eaſtward in it's orbit, in 
the time that. it turns eaſtward uod n's axis, 


wk 3 will paſs over the a meridian 
on the next day, when the ſun is almoſt a degree 
Mort of it, that is, 3 min. $6 ſeconds ſooner. II 


me year contained only 360 days, the ſun's ap- 


parent place, ſo. far as his motion is equable, 


would change a degree every day, and then the 


fiderial days would be Juſt four minutes ſhorter 


than the ſolar. | _ 


* 


"Let ABCDEFGH, 6g. 3, plate IV. be 
the earth > orbit, in which it goes round the ſun 


every year, acgording to the order of the letters, 


that is, from weſt to calt, and turns round it's. 
axis the ſame way, from the ſun to the ſon again 


in every twenty-four hours. Let 8 be the ſun, 


and R a fixed ſtar; at Tuch an immenſe diſtance, 


| that the diameter G C of the earth's orbit bears 
_ mv. ſenſible proportion to that diſtance ; N mn 


| meridian. 


' the earth in different points of it's orbit. Let 


Nm be any particular meridian of the earth, and 
N, a given baun or e, ing under that . 


When that d is. 1 wie "I I de far 


. which would always be hid if the earth never 


moved from A, nol confoquently as the earth 


"NE UT ATE: the'p en N would Rm 
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come round to the ſun and the ſtar at the ſame 
time. 


But when the earth has add chrounh an 
eighth part of it's orbit, or from A to B, it's 

motion round it's axis will bring the point N an 
eighth part of a day, or three hours, ſooner to the 

ſtar than to the ſun. For the ſtar will come to 
the meridian in the ſame time as though the earth 
had continued in it's former ſituation at A, bur 
the point N muſt revolve from N to n, before it 
can have the ſun upon it's meridian. The are 
Nn being therefore the ſame part of a whole cir 
cle, as the arc AB, it is plain that any ſtar which 
comes to the meridian at noon, with the fun, 
when the earth is at A, will come to it at nine 
o'clock in the forenoon, when the earth is at B. 
When the earth has paſſed from A to C, one- 
fourth part of it's orbit, the point N will have the 
ſtar upon it's meridian, or at ſix in the morning, 

fix hours ſooner than it comes round to the ſun; | 
but the point N muſt revolve fix hours more, be- 
fore it has mid-day by the ſun: for now the an- 
gle AS) is a right angle, and ſo is NDn; that 
is, the earth has advanced go degrees om it? axis, 
to carry the point N from the ſtar to the ſun; for 
the ſtar always comes to the meridian when N m 
is parallel to RS A; becauſe DS is but a point 
in reſpact to RS. When the earth is at D, the. 
ſtar comes to the meridian at three in the morn- 
5 e the earth having gone half round it's 
N 7 G „ orbit, a 
IN | 


» 4 


= » 


1200 ASTRONOMICAL ESSAYS. 


orbit; N points to the ſtar at midnight, it being 
then directly oppoſite to the ſun ; and, therefore, 


by the earth's diurnal motion, the ſtar comes to 


the meridian twelve hours before the ſun, and 
then goes on, till at A it comes to the meridian 
with the ſun again. | | 
Thus it is plain, that one obfoline 8 | 
of the earth on it's axis (which is always com- 


pleted when: any particular ſtar comes to be 


parallel to it's ſituation at any time of the day be- 
fore) never brings the ſame: meridian round from 
the ſun, to the ſun: again; but that the earth re- 
quires as much more than one turn on it's axis, 
to finiſh a natural day, as it has gone forward in 
that time, which, at a mean e is a 36 „ 
part of a circle. | ER 
From hence we obtain a hed of knowing | 
"op the ſtars, whether a clock goes true or not. 
For if through a ſmall hole i in a window-ſhutter, 
or in a thin plate of metal fixed to a window, we : 
obſerve at what time any ſtar diſappears behind a | 


chimney, or corner of a houſe, at a little diſtance; 
and if the ſame ſtar diſappears the next night, 


3 min. 56 ſeconds, ſooner by the clock; and on 
the ſecond; 7 minutes, 52 ſeconds fooner ; the 
third. night, 11 minutes, 4.8 ſeconds ſooner, and 
0 on every night ; it is an infallible fign that 
the machine goes true; otherwiſe it does not, 
and muſt be regulated accordingly. This me- 


dd Oy: e on to HO half a ſecand, | 


2 7 kf at AS . W : 14 Or ] 6 
Ta % x * N s 4 * M4 ; 
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05 "Tos OF THE Veen. | 


It is our buſineſs under the preſent head to ac- 
count for the phænomena of the ſeaſons, thoſe 
grateful viciſſitudes on which ſo much, both of 
the buſineſs and happineſs of 1 man depends. As 

the ſeaſons are applied in the hieroglyphic lan- 
guage of the bible, to mark the different ſtages 
of man's progreſs in virtue, the riſe, meridian 
glory, decline, and conſummation of the charch, 
or the different diſpenſations of divine goodneſs 
and truth to man; we do not think the reader 
will be offended, if we preſent him with a few 
obſervations on this head, extracted from the 
works of an elegant moraliſt. 

The natural advantages which ariſe from the 

poſition of the earth which we inhabit, with i 
reſpect to the other planets, afford much employ- | 
ment to mathematical ſpeculation; by which it 
has been diſcovered, that no other conformation 
of the ſyſtem could have given fuch commodious | ; 

15 diſtributions of light and heat, or imparted — 


| tility and pleaſure 1 5 fo greats Pur” _ a Parks. = 
3 e NE | 
Thie moralift may with equal reaſon obſerve, | - Fi 
chat our globe ſeems equally fitted for the reſi- Ft 
dence of a being, placed here only for a ſhort 8 
time, whoſe taſk is to advance himſelf to a higher 0 
and happier ſtate of exiſtence, by unremitted 
vigilance of i caution, and activity of virtue. The 
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duties of man are ſuch as human nature does not 
willingly perform, and ſuch as thoſe are inclined 
to delay, who intend ſome time to fulfil them. 
It was, therefore, neceſſary, that this univerſal 


reluctance ſhould be counteracted, and the drow- 


1 ſineſs of heſitation awakened into reſolve; that 


the danger of procraſtination ſhould be always 
in view, and the fallacies of ſecurity be hourly 
detected. To this end, all the appearances of 
nature uniformly conſpire : whatever we ſee on 
every ſide, reminds us of the lapſe of time, and 
the flux of life. The day and night ſucceed each 
other; the rotation of the ſeaſons diverſifies the 
| year; the ſun attains the meridian, declines, and 
ſets; and the moon Every wig, changes it's 
form. 1 | 
The day may bo conſidered as an image of the 
- year, and a year as the repreſentation of life. 
The morning anſwers to the ſpring, and the 
| ſpring to childhood and youth. The noon cor- 
reſponds to the ſummer, and the ſummer to the 
ſtrength of manhood, The evening is an emblem 
of autumn, and autumn of declining life. The 
night with it's filence and darkneſs, ſhews the 
winter, in which all the powers of vegetation 
are benumbed ; and the winter points out the 
time when life ſhall cafe, with it's e and 
pleaſures. 5 5 
He that is carried Genin 8 ſwiltly, | 
a by a motion Fa * eaſy, perceives not the 
3 
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: 1 of place, but by the variation of objects. 
If the wheel of life, which rolls thus filently 


along, paſſed on through undiftinguiſhable uni- 


formity, we ſhould never mark it's approaches 


to the end of the courſe. If one hour were like | 


another; if the paſſages of the ſun did not ſhew 
it's waſting ; if the change of ſeaſons did not im- 
preſs upon us the flight of the year; quantities 


of duration, equal to days and years, would glide . 


away unobſerved. If the parts of time were not 


variouſly coloured, we ſhould never diſcern their 
N departure or ſucceſſion; but ſhould live thought- 
leſs of the paſt, and careleſs of the future, with- _ 
out will, and perhaps without power, to com- 


pare the time which is already loſt, with . 
8 which may probably remain. 

But the courſe of time is ſo viſibly t pgs, 
that it is even obſerved by nations, who have 
raiſed their minds very little above animal in- 
ſtinct. That theſe admonitions of nature may 


have their due effect; let him that deſires to ſee 
others happy, make haſte to give while his giſt 


can be enjoyed; and remember, that every mo- 
ment of delay takes away ſomething from the 
value ofchis benefaction. And let him who pro- 
poſes his own happineſs, reflect, that while he 
forms his purpoſe, the day rolls on, and the 
night cometh, when no man can work. 


Before we explain the cauſes of thoſe changes | 
that are e renined; the ſeaſons of the year, it will be 
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| erte premiſe a few conſiderations: Firſ, 
that on account of the immenſe diſtance of the 
ſun from the earth, the rays which proceèd from 
it may be conſidered as parallel to each other. 
Secondly, that only one-half of a globe can be 
illuminated by parallel rays, and therefore only 
one-half of the earth will be enlightened by the 
ſun at one time. Thirdly, chat we may call the 
line BEM ENS es from eee the ter- 
minator. Fo 


Theſe Wenden as AY as {ab of x he 


following deductions, will be rendered more 
clear, by a ſurvey of fig. 1, 2, and 3, pl. VI. where 
NA SQ repreſents the globe of the earth; N 
30.8, N-79'S, &c. different meridians interſe&- 
ing the equator Qat right angles, and paſſing | 
through the poles N and S; T T the terminator; 
B a braſs ball, To.cqprcſent t the ay 5 3 80 
5 Tap proceeding. Tis. vi te” | 
„nn 8.3. whe pay Ar vick! the bert. 
= _ natar... ee itz 672 + 
In fig. 15 che W pole is e e in he | To 
ILLUMINATED hendſphere, and the ſour _ 1 5 
Fhs paRK hemiſphere 
In fig. 2; the ſouthern pole is in i the zwürchr- 
NED _ and the north e in Dank e 
ſphere. e ee F is 1 . 
ATE os chat it it is GO in any given bee | 
on the globe, ſo long as that place continues in 
| phere but wy by the 
„„ =. an 
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dioniat rotation of the earth on it's axis, it is 
carried inte the dark een it 1 
N to that placde. 

The length of the day and the night ſe on 
the poſition of the nee with to! Th to 
the axis of the eartnm. . 
If the poles of the earth be Ainet in the ter- 
minator, as in fig. 3, every parallel will be 
divided into two equal parts; and as the uniform 


motion of the earth cauſes any given place to 


deſcribe equal parts of it's parallel in equal times, 


the day and the night would be equal on every | 


parallel of latitude; that is, all over the globe, 


except at the poles, where the ſun would neither | 


| riſe nor ſet, but continue in the horizon. 


But if, as in fig. 1 and 2, the axis be hw! 
placed in the plane of the terminator, the termi- 


nator will divide the equator into two equal 


parts, but all the circles parallel to it into un- 


_ equal parts; thoſe circles that are ſituated to- 
wards the enlightened pole, will have a greater 


part of their circumference in the enlightened 


. than in the dark hemiſphere ; while ſimilar 


parallels toward the other pole will have the 


greater part of their circumference in the dark 
hemiſphere. Whence it follows, that the firſt- 


mentioned parallels will enjoy longer days than 


nights; and the contrary” will happen to the 
latter, where the days will be the ſliorteſt, and 
che nights the longeſt; while at the equator, the 

J%%VV*VVVVVV( CY days 
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| Yays and nights continue equal, All this -is 
evident from the bare inſpection of the Ra. 1 
it is alſo obſervable, that the diſproportion i is 
greateſt i in the greateſt latitude; and that thoſe 
places, whoſe diſtance from the pole is leſs than 
that of the pole from the terminator, muſt enjoy 
either a conſtant day, or a conſtant night; be- 
cauſe they are never carried into the oppoſite 
hemiſphere by the diurnal rotation of the earth. 
In this poſition of the axis, the inhabitants on 
one {ide of the equator may be ſaid to enjoy ſum- 
mer, and thoſe on the other ſide winter, Nun 
reſpect to each other. 

From what has been ſaid, it is des that the 
vicifſitudes in the days and nights are occaſioned. 
by the poſition of the terminator, or boundary of 
light and darkneſs, with'the axis of the earth; or 
in other words, by the different heli at the 
earth with reſpect to the ſun. . 


We have now only to ſhew what Ie the. 5 


changes of poſition in the terminator, which are, 


1. The inclination of the earth 8 axis to the plane 


of the ecliptic, or orbit in which it moves. 


2. That through the whole of it's annual couxſe, 


the axis of the earth preſerves it s poſition, or 
continues parallel to itſelf; that i is, if a line be 
conceived as drawn parallel to the axis while the 
earth i is in any one point of it's orbit, the axis 
"will in er other . ys be pan be cs 
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If the axis of the earth were perpendicular to 
hs plane of it's orbit, the equator and the orbit 
(or ecliptic) would coincide; and as the ſun is 
always in the plane of. the ecliptic, it would in 
this caſe be always over the equator, as in-fig. 3, 
and the two poles would be in the terminator, 
and there would be no diverſity in the days and 
nights, and but one ſeaſon of the year; but as 


this is not the caſe, we may fairly infer, that the 
axis of the earth is not eee to che 1 


[ of it's orbit. 5 


But if the earth's be inclined 861 
o the ecliptic when the earth is in the fituation 
repreſented at fig. I, plate VL the pole N will 

be towards the ſun, and the pole S will be 
turned from it; but juſt the contrary will hap- 
pen, when the earth, by going half round the 
. fun, has arrived at the oppoſite point in it's orbit. 
Hence the ſun will not be always in the equator, 
but at one time of the year it will appear nearer 
to one of the poles, and at the oppoſite ſeaſon, 
it will appear nearer to the other. To this cir- 
curnſtance. the change of. ſeaſons is owing ; for 
when the ſun leaves the equator and approaches 


585 to one of the poles, it will be ſummer on that 


ſide of the equator, and when the ſun departs 
from thence and approaches to the other pole, 
ix will be winter. Thus from the inclination of 
r part of the earth enjoys the benefit 

n ET EY for ir is evident, from 
what 


, ? 
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-whathas been ſaid already, that when it is winter 

towards « one of the poles, on one ſide the equator, 
it is ſummer towards the other pales or ee 
ther: ſide of the equata r. 
Jo elucidate ſtill further the hand in hs 
Een, we ſhall beg the reader's attention to 
the figures in plates V. and VI. which repreſent 
one of the moſt ſimple inſtruments hitherto con- 
arived for explaining them. Fig. 1, plate V.'is 
the whole of the inſtrument. Fig. 1, 2, and 3, 
plate VI. two portions of it thus exhibited, in 
order to give ® more ND may. ot is _ 
JOINER. 4 01. wh e 

If we now 8 eee eee 

an fig. 1, plate V. then will the ſun appear to 
be at the oppoſite point of the ecliptic in Aries, 
the time of our VERNAL EQUINOX. | The termi- 
nator will paſs through the poles of the world, 

and divide every parallel do the equator into two 


equal parts ; conſequently the nocturnal and di- 


urnal arches, or the length of the day and night, 

will be equal in all places oyer the world. * 
this further illuſtrated, fig- 3; plate VI. 

But if you conceive the earth by it's . 


motion to have mayed to Capricorn, the axis 
keeping parallel to itſelf; the north pole will 
| ly adzancediintoithe 


by this motion have-graduz | 
5 enlightened hemiſphere, ſo that the whole north 


ern polar circle will, when it has arrived, be in | 
the ee e while the ſouthern 


then pole 
1 Fy 0 c F 


| 


x 
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1 pole recedes into darkneſs, and all the northern 
parts will enjoy long days, and this time is called 
our $UMMER SOLSTICE, while the ſouthern pans | 
will have ſhort days and winter. | 

Again, while the earth is deſcribing the e 
quarter of it's orbit, or going from Capricorn 
| through Aquarius and Piſces to Aries, the north 
pole approaches the terminator in the ſame pro- 
portion that it before receded from it, and con- 
ſegquently the diurnal arches gradually lefſen till 
it arrives at Aries, when the poles will again 
5 coincide with the terminator, and thus cauſe the 
days and nights to be every where equal. This 

5 is called the AUTUMNAL EQUINOX. ; 

I During the next quarter, or while the earth is 

| going through Taurus and Gemini, the north 

. pole will gradually recede from the light, while 

i. the ſouthern one advances into it; and the days 
will ſhorten in the northern hemiſphere, and 

lengthen in the ſouthern, until the earth is ar- 5 

rived at Cancer, the ſun then appearing in Ca- 

pricorn, when the north pole will be juſt as far 
- within the dark as in June it was in the enlight- : 
: ened hemiſphere. This time is called the WI x- 
TER $OLSTICE. The days every where in the 
northern hemiſphere are now at the ſhorteſt, and 
to the ſouthward they are at the longeſ. - 
From the winter ſolſtice to the vernal 5 
| he pole will approach the terminator, and, the. . 
n 9 an WR in the northern hemi-- 
| OY ſphere, 


— 
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ſphere, and at the inſtant in which the axis 
again coincides with the pole, the natural year, 
conſiſting of 365 TR 5 hours, 48 ms, is 
finiſhed. 3 
The pupil will Ae by conſi idering the in- 
ſtrument, that during the whole revolution of the 
earth, one-half of the equator is always in the 
light, and the other half in darkneſs ; and con- 
ſequently, that under the equator . and 
nights are always of an equal length. . 
While the earth is going from Libra to Aries, 
the north pole is conſtantly illuminated, and the 
ſouth poke all the while in darkneſs ; and for the 
other half of the year in a contrary ſtate. \ 
It is eaſy to perceive, by the foregoing expla- 
nation, that the inhabitants of the ſouthern he- 
miſphere have the ſame viciſſitudes, though not 
at the fame time, it being winter in one hemi- 
ſphere while it is ſummer in the other.. 
There is fit, however; one circumſtance to be 
_ confidered, namely, the daily apparent change 
in the ſun's declination; but this will be eaſily 
conceived, by attending to fig. 1, 2, and 3, pl. 
VI. and conceiving a line to be drawn from the 
center of the ſun to the center of the earth, in 
each ſituation. This line may be called the cen- 
tral folar ray. About the 21ſt of December, when 
the earth is in Cancer, this ray will terminate or 


at upon the ſouthern tropic, or the tropic of 


1 LonIg and conſequently, by the carth' Ss 0 
5 | | tation 
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tation round her axis, the inhabitants of every 
part of this circle will ſucceſſively have the ſun in 
their zenith; or in other words, he will be ver- 
tical to them that day at noon, as the ſun ap- 


pears that day to be carrigd round 1 in the e | 


of Capricorn. 


About the 2oth of March, the 8 8 


Libra, and the ſun will then appear in Aries; the 
central ſolar ray terminates upon the ſurface of 
the earth, in the equator, as at fig. 3; and there- 
fore the ſun appears to be carried round in the 
celeſtial equator, and is ſucceſſively vertical to 
thoſe who live under that circle. 

About the 21ſt of June, when the earth is in 
Capricorn, the central ſolar ray terminates on 
the ſurface of the earth, in the northern tropic, 
as at fig. 2; and for that day the ſun appears 
to be carried round in the tropic of Cancer, and 

is vertical to thoſe who live under that circle. 
About the 22nd of September, the earth is in 
Aries, and the ſun in Libra, and the central 
ſolar ray again terminates at the equator; conſe- 
quently the ſun again appears in tbe celeſtial 
: ; Equator, and is vertical to thoſe who live under it. 
We have ſeen, that as the ſun moves in the 


_ ecliptic, from the vernal equinox to the tropic of 


Cancer, it gets to the north of the equator, or it's 


declination towards our pole increaſes. There- 

' fore, from the vernal equinox, when the days 
I are I” till the lun comes to the 
| 5 tropic 


5; 
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tropic of Cancer, our days lengthen, and our 
nights ſhorten; but when the ſun comes to th 
tropic of Cancer, it is then in it's utmoſt northern 1 
limit, and returns in the ecliptic to the equator 
again. During this return of the ſun, it's decli- 
nation towards our pole decreaſes,” and con- 
ſequently the days decreaſe, and the nights in- 
creaſe, till the ſun is arrived in the equator again, 
and is in the autumnal equinoctial point, when 
the days and nights will again be equal. As the 
ſun moves from thence towards the tropic of 
Capricorn, it gets to the ſouth of the equator; or 
it's.declination towards the ſouth pole increaſes. 
| _ Therefore, at that time of year, our days ſhorten, 
and our nights lengthen, till the ſun arrives at 
the tropic of Capricorn; but when the ſun is | 
. arrived there, it is then at it's utmoſt ſouthern — —— 
limit, and returns in the ecliptic to the e 5 
again. During this return, it's diſtance from our 
pole leſſens, and conſequently the days will 4 
lengthen, as the nights will ſhorten, till theß 9 
become equal, when the ſun 1 is come round to 
te vernal equinoctial point. | | 
Our ſummer is nearly eight. days tw. | 
_ the winter. By ſummer is meant here the time 
that paſſes between the vernal and autumnal 
equinoxes; by winter, the time between the 
autumnnal and vernal equinox. The ecliptic ia 
divided i into ſix northern, and ſix ſouthern . 
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and the firſt of Libra. In our ſummer, the ſun's 
apparent motion is through the fix northern, and 


our winter through the ſix ſouthern ſigns; yet : 
the ſun is 186 days, 11 hours, 51 minutes, in 
paſſing through the fax firſt ; and only 178 days, 

17 hours, 58 minutes, in paſſing through the fix | 


laſt. Their difference, 7 days, 17 hours, 53 
minutes, is the length of time by which - our 
ſummer exceeds the winter. 

In fig. 1, plate VII. AB CD repreſetits the 
earth's orbit; S the ſun in one of i it's foci; when 


the carrt is at B, the fun appears at H, in the 


firſt point of Aries; and whilſt the earth moves 
from B through C to D, the ſun appears to run 
through the fix northern ſigns, from Y through 


S to = at F. When the earth is at P, the ſun 


appears at F, in the firſt point of Libra; and 
as the earth moves from D through A to B, the 


ſun appears to move through the fix ſouthern 
ſigns, from == through H to Aries at H. I 


Hence the line FH, drawn from the 6 


point of Arles through the ſun at 8, to the firſt 
point of , divides the ecliptic into two equal 


parts; but ch fame line divides the carth's ellip- 
tical orbit into two unequal parts. The greater 
part BCD is that which the earth deſcribes in the 
ſummer, while the ſun appears in the northern 
figns. The leſſer part is D A B, which the earth 


deſcribes in winter, while the ſun appears in the 
Southern NI c the earth's aphelion, where it 


. moves 
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1 Vinter than in ſummer becauſe che earth i is nearer 
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moves loweſt, is in the greater part ; Air 8 pe. 
| ribelion, is, in the leſſer Part. where the ſun. | 


moves faſteſt. | | 
There are, therefore, two config hes our "RE 
mer is longer, than our winter; firſt, becauſe the 


fun continues in the northern ſigns, while the 
earth is deſcribing the greater part of it's orbit; 


1 ſecondly, becauſe the ſun” s apparent motion 


is flower while it appears in the northern ſigns, 


than whilſt it appears in the ſouthern ones. 
The ſun's apparent diameter is greater in our 


to the ſun when at A in the winter, than it is 


when at C in the ſummer. | The ſun's apparent 
diameter, in winter, is 32 min. 47 ſeconds ; in Wm 


ſummer, 31 min. 40 ſeconds. 5 


But if the earth is farther from the ſun i in ITE 2 
2 wer than in winter, it way. be aſked, why our. 
winters are ſo much colder than our ſymmers.. 
Jo this it may be anfhered, that our ſummer is 


| hotter than the winter, firſt, on account of the 


greater height to which the ſun riſes above our 


horizon in the ſummer; ſecondly, the greater 
d of the days. The ſun is much higher at 


noon in ſummer than in winter, and conſequently, 


as it's rays in ſummer are leſs oblique than in 
winter, more of them will fall upon the ſurface | 

of the earth. In the ſummer, the days are very 
© Jong, and the nights very ſhort; therefore the 5 | 


earth. and air Aj: heared. by: the ſun” in the day- 
1 e time,. 


7 4 * 8 
33 S. Nd * { Fane 5 
* * 


: 


—— 


ASTRONOMICAL ESSAYS, 115 


time, more than they are cooled in the night; 


and upon this account, the heat will keep in- 


creaſing in the ſummer, and for the ſame reaſon 


will decreaſe in winter, when the nights lengthen. 


We ſhould exceed the limits of this Eſſay, 


were we to inquire into the ſeveral concurring 


cauſes of the temperatures that obtain in various 
climates ; it may be ſufficient, therefore, to ob- 


ſerve what a remarkable proviſion is made in the 


world, and the ſeveral parts of it, to keep up a 
perpetual change in the degrees of heat ad cold. 


Theſe two are antagoniſts, or as Lord Bacon 
calls them, THE VERY HANDS or NATURE WITH 
WHICH SHE CHIEFLY -WORKETH, the one expand- 


ing, the other contracting bodies, ſo as to main- 


tain an oſcillatory motion in all their parts; and 


ſo ſerviceable are theſe changes in the natural 
world, that they are promoted every year, every 
hour, every moment. From the oblique poſition 
of the ecliptic, the earth continually preſents a 
different face to the ſun, and never receives his 
rays two days together in the ſame direction. 
In the day and night, the differences are ſo ob- 
vious, that they need not be mentioned, though 


they are moſt remarkable in thoſe climates, 


where the ſun at his ſetting makes the greateſt 


angle with the horizon. Every hour of the day, 


the heat varies with the ſun's altitude, is altered 
by the interpoſition of clouds, and the action of 
winds ; and there is little room to doubt, but 
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what the various changes that thus take place, | 


concur iu producing many of the ſipaller and 


greater phænomena of nature. 


Be this however as it may, it is certain — 5 
the various irregularities and intemperature of 


the elements, which ſeem to deſtroy nature in one 


| and the rich fruits of autumn. Theſe viciſſitudes, 


ſeaſon, ſerve to revive. it, in another: the immo- 
derate heats of ſummer, and the exceſſive cold 
of winter, prepare the beauties of the ſpring, 


which ſeem to ſuperficial minds the effects of a 


| 
* 


fortuitous concourſe of irregular cauſes, are re- 


gulated according to weight and meaſure by that 
- ſovereign wiſdom, who weighs the earth as, a 


grain of ſand, the ſea as a drop of w water. 


On. SOME APPEARANCES WHICH DEPEND © ON 7 THE 


Crxerxs or THE Heavins 8, AND THE PosrT10N 
or THE OpsrnveR IN Rrsrror or THEM, 


For the more 40 underſtanding of cheſe 
DS it will be Oey to ne two 


| obſervations. 


Nr LINE 


1. That the inclination of an axis, or orbit, is 


| merely: relative, becauſe | we compare. it with 


ſome other axis, or orbit, which is not inclined 
at all. Thus our horizon being level to us, 


whatever place of the earth we are upon, we con- 


„ 


5 ſider i it as having no inclination ; and yet, if we 


W 99 mae from: that Fn we ſhall then 
« | dave 
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have an horizon perpendicular to the former, but 
it will ſtill be level to us. mes 

2. That half of the heavens are viſible to an 
inhabitant on any part of Gs earth. 


Or A PARALLEL Si | 


An intubimaiir of the earth, who lives at either 
of the poles, has one of the celeſtial poles in hid 
zenith, or directly over his head; the other in 
his nadir, or directly under his feet. The ce- 
leſtial equator will coincide with the horizon; 
and as the polar circles, the tropics, and all the 
circles of daily motion, are parallel to the 
cequator, they will alſo be parallel to the horizon. 

It is from this poſition of the circles of the 
ſphere, in reſpect to the horizon of a perſon who. 
lives at either pole, that he is ſaid to live i in a 
PARALLEL SPHERE  _ 

As all the circles of daily motion are rare to 
che equator, it follows, that all the heavenly 
bodies, to an inhabitant at the pole, are carried 
round by their apparent motion, i in Circles which' 

are parallel to the horizon; (thus the ſun when 
above the horizon, appears to revolve in a circle 
parallel to it, and at an altitude equal to his 
diſtance from the equator) and conſequently this 
riofion can never make thoſe riſe, which move 
in the circles below the ee nor thoſe ſet 
1 which: move a above | . 


>» 
WES. | 


* 


„„ De 
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- Hence, alſo, an inhabitant at the north pc 55 


has the ſug) above his horizon, and therefore per- 
petual day all the time the ſun is on the north fide 
of the equator; that is, for fix months together. 


with him all the time the fun is on the ſouth ſide 
of the equator, which is alſo for fix months ; or, 


in other words, the ſun will be. ſeen for half a 
year, and then it will be day; and it will be hid- 


den for ber a Fear; and then i it will be tit +! 
Or A RIGHT r Srurnz. 5 3 


IE an 5 be ſituated 5 the . 


he will have the celeſtial poles in his horizon, 
and the celeſtial equator over his head, and at 
right angles with his horizon: the other circles 


But the ſun is below his horizon, and it is night 5 


of daily motion being parallel to the equator, are 5 


alſo perpendicular, or at right angles with his 

horizon; therefore, in à right ſphere the riſing 

| and ſetting of the ſun is i in circles that make right 
angles with the horizon. It is from this poſition 


of theſe circles that he 1 is Lic to 28 in a RIGHT 
SPHERE, | ; 


in a right ſphere, _ .cqhator, und, 8 

| parallel to it, is divided into two equal parts by 5 

the horizon, one half being above, the other 

half below it; there is, therefore, a perpetual ; 

| equinox under the equator, that is, the days and 

"nights ; are equal ro one another at all times of the 5 
JJ year, | 
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year each. day being 12 hours long. and rr 
We 10 the ſame "One e 


Or AN OBLIQUE. 8 


In all debe poſitions of the ſphere, except 
thoſe. already deſcribed, the equator, and the 
circles parallel to it, are inclined to the horizon: 

In this caſe, the poſition of the ſphere is ſaid to 
be ozLIQUE. . This poſition agrees with all thoſe 
people who live neither under the pole, nor 
under the equator. One of the poles is elevated 
| abdve the horizon, the other is depreſſed beneath 
it, and the equator is inclined to the horizon. 

In plate XIV. fig. 1; the terreſtrial globe 1 is in 
the poſition of the oblique ſphere. 

It is evident, that in this ſituation, all the 

> edi to the equator are divided by the horizon 

into two unequal parts, but the equator into 
two equal parts; conſequently the day and night 

are never equal to an inhabitant in an oblique 
ſphere, but when the ſun is io the equator, that 

is, twice a year, on the 20th of March, and the 
22d of September. All the teſt of the year the 
days are either longer or ſhorter than the nights; 
and the ſun, which always appears to move in 
the ecliptic, deſcribes one of the parallels: to the 
equator, which are all cut by the horizon into 
tuo unequal parts. On dhe northern fide of the 5 
equator; the days are longer than the nights, as | 
long as the fun i is on the north fide of the quatars | 
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but the nights ate. longer chan the days, * the 
ſun is to the ſouth of the equator. | 
The portion of the parallels above the horizon 
is greater in proportion. as they are nearer the 
elevated pole; but when the diſtance of the paral-. 
lel from the pole becomes leſs than the elevation 
of the pole, then that parallel, and all thoſe which 
are included within it, are wholly. above the hori- 
20on, no part of them ever ſetting or paſſing under 
it. The contrary happens in the parallels that 
portion of theſe being above the horizon, and the 
greater part lying under it. Thoſe parallels 
which are nearer the depreſſed pole, than the ele- 
vation of the pole, or latitude of the place, me: 
main , perpetually (together with the ſtars in- 
cluded within them). under the W and are 
never viſible to us:: 4 i 
In an oblique ſphere, Wali is eee 
is as far diſtant from the elevated pole, as the 
place is from the equator. This parallel is called 


the circle of PpERETUAL APPARITION, or the 


largeſt of all thoſe which conſtantly appear; the 


ſtars included within it never either riſe or ſer, : 


though they are at times more elevated above 
the horizon than at others. Towards the other 
pole there is another circle, oppoſite to this, 
_ _ which is the circle of 'xxRPETUAL OCCULTATION. | 
"Alt the None dt are GHG: winni this, 

never 


| 
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never riſe, but lie hid under the horizon, and. 
are never ſeen. n | 


An Earn rien OF THE PHANOMENA WHICH 
ARISE FROM THE MOTION or THE EARTH, AND. 
or THE INFERIOR PLANETS, MzzxcuRy AND 
Venus. | 


It will be only in this hi to „ Acfind ; 
more exactly ſome words which have been ſlightly 
explained before, and recall the reader's attention 
to ſome definitions that have been already given; 
and it is preſumed, that theſe repetitions will not 
be an object of complaint, becauſe they will 
anſwer the beneficial purpoſe of grounding the 
reader more firmly in the knowledge of the ſcience, 
to which this eſſay is intended as an introduction. 
Wen two planets are ſeen together in the ſame 
ſign of the zodiac, and equally advanced therein, 
they are ſaid to be in coxjuncTION, But when 
they are in oppoſite figns of the zodiac, they are 
ſaid to be in opyosrTION.. Thus a planet is ſaid 
to be in oppoſition to the ſun, when the earth i is 
between the ſun and the planets. | 
Ihe elongation of a planet is it's apparent 
diſtance from the ſun. When a planet is in con- 
junction with the ſan, it has no elongation; when 
in oppoſition, it's elongation is 1 80 degrees. 
| The nops or A PLANET'S ORBIT are thoſe two 
points where the orbit cuts the plane of the celip- 
tic. We before obſerved, that the orbits of all 
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the Oe? are inclined to the plane of the eclip-. 


tic, and conſequently croſs this plane. In fig. 3, 


plate III. A BCD is the plane of the ecliptic ; 5 
EB FD is the orbit of a planet, in which . 
points B and D are the two nodes. 


The LINE or THE NODES is a line BD, ſuppo- 


the other. The LIMITS OF A PLANET'S ORBIT are 


ſed to be drawn through the ſun from one node to 


two points in the middle between the two nodes. 
The point E is called the greateſt northern a | 


F the greateſt ſouthern limit. 

The greateſt diſtance of the earth, or A any 
planet from the ſun, is called it's AH ELION, or 
higher apſis; it's leaſt diſtance is en, no PERI=, 
_HELION, or lower apfis. 


Thus in fig. 4, plate III. Ai is the 240d of he - 


e P that of the perihelion. 


The axis, PA, fig: 4, of any planet's ellipſis, i is 
called the LINE OF THE APS DEH: the extreme 


5 points of it's ſhorteſt diagyeter T Vare the places 


of it's mean diſtance from the ſun ; and SE. 


| or SV, the line of it's. mean diſtance. - 


When a planet moves according to the 3 
of the ſigns, it's motion is ſaid to be DIRECT, or 


IN CONSEQUENTIA; but when it's motion is con- 
_ trary to the order of the ſigns, it 1s Kaan be. 
© RETROGRADE, Of IN AT ECEDEN TI. 


The place in the ſtarry heavens chat any yplaner 


| 5 appears in, when ſeen from the center of the 
i bs led: it s . GEOCENTRIC PLACE. The 


place 
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place where it would be ſeen in the celeſtial 
ſphere, by an ooſeryer ſuppoſed to be in the ſun, 
is e it's HELIOCENTRIC PLACE. 


Or THE Morions or THE INFERIOR Praxzrs, 
. Vayus AND Mexcusy. 


1 RA are two Jffexvhic ſituations; i in kh an 
inferior planet will appear in conjunction with the 


ſun; one when the planet is between the ſun and 
the earth, the other when the ſun is between the 
earth and the planet. Let A, fig. 2, plate VII. 


be the earth in it's orbit, E the place of Venus in 


her orbit EH G, S the fun, FVPORTD an 
are in the ſtarry heavens. In this ſituation the 
ſun and Venus are on the ſame ſide of the earth, 
and will appear in the ſame point of the heavens, 
ſo as to be in conjunction. If the earth is at A, 
and Venus at G, N will al ANON: to be in 
W 8 
If the earth is at A, ha "a at 1 the e 


at E, nearer to the earth than the ſun, it is called 


it's INFERIOR CONJUNCTION- But if the earth is 
at A, and the planet at G, farther from the earth 


than the ſun, this is called the SUPERIOR. cod 


. 


. JUNCTION of the planet. 1277 ks 
If an inferior planet is at E, the earth a at A, 


8 the ſun at S, the elongation is nothing, the 
planet being then in it's inferior conjunction. As. | 
the planet moves from E to y, it s elongat ion in- 


creaſes ; for hen it is at y, it appears in the line 


. ; 
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AyP, while the ſun appears in the line A S Q; 
fo that PA Q will be it's elongation. When the 


planet is arrived at x, it appears in the line A x 
V, which is a tangent to it's orbit, and then it's 
elongation is V A Q, which is the greateſt that 


can be on that fide the ſun; for after this, the 


elongation decreaſes. When the planet is at K, 


it's elongation is P AQ; when at G, it is no- 
thing, becauſe it is then in it's ſuperior conjunc- 
tion; as the planet moves on from G, it's 


_ elongation again increaſes ; for when it comes to 


C, it appears in the line A C R, and it's clonga- 
tion is RA Q. When the planet comes to H, a2 
line drawn from the earth through the planet is a 
tangent to the orbit, and the elongation is TA Q. 
the greateſt it can have when it is on the other 
fide of the ſun; for after this, the 00k LM | 


again decreaſes. 


Hence it is clear; that the inferior planets can 


5 never appear far from the ſun, but muſt always 


accompany it in it's apparent motion through the 
ecliptic. When we ſee either Venus or Mercury, 
it is either in an evening, in the weſt, ſoon after 
the ſun has ſet; or in a morning, a little before 
dheſunriſes. Venus is indeed bright enough ſome. 
times to be ſeen in the day-time, but then ſhe is 


never far from the ſun. The greateſt elongation 


of Venus is about 70 and of e, ROW 3 3 
. e RD 


If 
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I the earth is at A, fig. 2, plate VII. when 
Ven appears in any part of the arc E x G, ſhe 
is weſtward from the ſun, and therefore riſes be- 
fore him in the morning, and is called the 
MORNING STAR. When ſhe appears any-where 
in the arc G HE, ſhe is eaſtward from the ſun, 1 
and therefore ſets after him; is ſeen in the even. 
ing, and is then the EVENING. STAR. | : 
From the apparent motions of the inferior 
_ planets, we derive an argument to prove the fal- 
fity of the Ptolemaic ſyſtem. If the earth was 
within the orbit of Venus, as the Ptolemaic 
| ſyſtem ſuppoſes, ſhe might be ſometimes on one 
fide of the earth, whilſt the ſun is on the oppoſite: 
ſide; or Venus might be ſometimes in oppoſi 
to the ſan ; but Venus is never ſeen in oppoſition. 
Therefore the earth is. on the outſide of the orbit 
of Venus, and conſequently the Ptolemaic ſyſtem 
is not true. The ſame is alſo true of Mercury. 
But this, and ſome other circumſtances relative 
| to the motions of theſe planets, will be better un- 
derſtood by a planetarium than by any diagram. 
| We have now to explain, wav THE INFERIOR 
© | PLANETS APPEAR TO MOVE SOMETIMES IN ONE 
" DIRECTION, SOMETIMES IN THE CONTRARY ORDER, 
| AND AT OTHER TIMES TO BE STATIONARY. This 
"is eaſily done on the Copernican ſyſtem, it being 
the natural reſult of the reſpective ſituations and 25 
motions of the earth and theſe planets. But on 
the Ptolemaie ſyſtem it is inexplicable, without 
NE ae | MN _ calling 
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calling in the aid of a as OT ng we. 
theſis. | 
When the Mitre be are paſſing from 
their greateſt elongation, on one ſide of the ſun, 
through their ſuperior conjunction, to their great- 
eſt elongation on the other ſide, their motion, as 
viewed from the earth, is direct. In order to 
explain this propoſition, we ſhall firſt ſuppoſe the. 
earth to be at reſt at A, fig. 2, pl. VII. and 
correct this ſuppoſition afterwards, by ſhewing 
that the apparent motion of Venus, or Mercury, 
ſeen from the earth, is the ſame in this reſpect, 
whether an earth moves in it 8 orbit, or reſts 5 
| at A. 45 e e 
The ere ths ba POR is ti : that 5 
as Venus, for inſtance, moves from x, - it's. 
greateſt elongation on one ſide of the ſun, 
through G it's ſuperior conjunction: to H it's 
greateſt elongation on the other ſide, it will ap- 
pear to a ſpectator u pon the earth, to move from 
weſt to eaſt according to the order of the _ L 
that is, it's geocentric motion will be direct. 
_, The planets move round the ſun from weſt to 
eaſt, and conſequently if there was a ſpectator at | 
the ſun, they would appear to him to move 
through the zodiac, according to the order of the 
i ſigns; or in other words, the heliocentric motion : 
of Venus is direct. Now if the ſun and the 
earth A, are both on the ſame ſide of the planet, 


a A at the earth is in the ſame ſituation 7 
with 


i 
N 28 , 1 
955 
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with reſpect to the planet and it's motion, as if 
he had been at the ſun: for whilſt the planet is 
moving from x, through G to H, a ſpectator 
either at A or S is on the concave ſide of the 
planet's orbit; and conſequently the planet will 
appear to move in the ſame manner from either; 
but the apparent motion of the planet, when ſeen 
from chè ſun, is direct, and conſequently it's mo- 
tion, when ſeen from the earth, wal alſo be 
„„ „„ | 

When Venus is at x, it appears to a 3 Headlacge 
on the earth at A; to be in the line AxV, or is 
ſeen among the ſtars at V; when Venus has mo- 
ved to K, it is ſeen among the fixed ſtars at P; 


when it has moved to G, it is in it's ſuperior con- 


junction; when it has moved to C, it appears 
among the fixed ſtars at R; and when it is come 
to K, it appears among the fixed ſtars at J. 
Thus whilſt Venus has moved in it's orbit from 


x, it's greateſt elongation on one ſide of the ſun, | 


through G it's ſuperior. conjunction, to Hi it's 
greateſt elongation on the other. ſide, ir appears 
to have deſcribed the are VPQRT in the con- 
cave ſphere of the heavens; but the letters x K 

G CH lie from welt to eaſt, becauſe they lie in 
the fame direction that the planet moves round 


the ſun; and the letters. VPQR T lie in the 


ſame direction with x K GCH. Therefore, as 
the planet ſeems to a ſpectator on the earth, to 


0 deſcribe the arc 5 P Q I, it's s apparent mo- 
| oa! 
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tion, ne: from en is direct, or r from maſt | 
.to eaſt. + Y 4 ; 


As the inferior planets move - from their . | 


inferior conjunction, to their greateſt elongation / 


on the other ſide, i . motion is 
"RETROGRADE. = | 


Whilſt Venus, Hot nab; is moving from 
it's greateſt elongation H, plate VII. fig. 3, 
through it's inferior conjunction E, to it's other 
greateſt elongation x, it appears to a ſpectator 
upon the earth at A, to move backwards, or 
from eaſt to weſt, i: to the- Ne of _ 


Abe at the "M e ade vor 


the planet's orbit. But whilſt Venus is moving 
from it's greateſt elongation H on one fide, | 
through E it's inferior conjunction, to x it's 


greateſt elongation on the other fide, a ſpectator 


| ee the earth is on dhe convex fide of it's orbit. 


Therefore, if a ſpèctator at the ſun S would ſee 
the planet move one way, a ſpectator at the earth 
A will ſee it move the contrary way; or the geo- 
centric motion will becontrary to it 'Sheliocentric | 


motion, and therefore retrograde; for as ſeen 
from the ſun, it's motion is always direct. 


That two ſpectators, one at the earth, the | 


5 other at the ſun, as they are on contrary ſides of 


the are HE x, will ſee the Planet apparently 


move W a may be rendered more | ns 
1 5 Oy 


/ 
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by the following familiar conſideration. If two 


men ſtand with their faces towards each other, 
and a ball is rolled along upon the ground, this 


ball will move from the right hand of one of the 
men towards his left, and from the left hand of 
the other towards his right. In like manner, if 


one man is at the earth A, and the other at the 
ſun 8, then whilſt the planet is deſcribing the arc 
Hex which is between them, it will appear to 


move from the right hand of the man at 8 to- 


wards his left, and from the left hand of the man 
at A towards his right. 

"Whilſt the motion of, Venus is ie or Be ts 
it is deſcribing the arc x GH, it appears to move 
from V to T, among the fixed ſtars. But after it 


has been carried in it's orbit from H 0 Q it ap- 


pears in the line Az R, and is ſeen among the 
fixed ſtars at R. When it comes to E, it appears 

at. Q; and when at y, it's apparent place in the 
Heavens is at P. Thus as the planet paſſes from 


- it's greateſt elongation Hon one {ide of the fun, 


through it's inferior conjunction E, to it? s greateſt. 
elongation x. on the brher 8 it OR runs 
back from'T to V. 

Venus is dae, or u no parent motion 
for ſome time, when it is at it's greateſt elonga- 
tion; that is, when it is at H or x, and it's 2 
F 985 
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ſtations of the inferior planets. 
e trug, VT, 1 arc which PORE. | 


: \ 


130 ASTRONOMICAL ESSAYS. 


When either of the inferior planets, Venus for 
an is at it's greateſt elongation H or x, a 
line drawn from the earth through the planet, as 
AH T, or Ax V, is a tangent to the orbit. 
Now though a right line touches a circle but in 

one point, yet ſome part of the circle greater than 
a point is ſo near to the tangent, as not to be diſ- 
tinguiſhed from it. Thus the arc b d fo nearly 
coincides with the tangent A H T, that a ſpecta- 
tor's eye placed at A, could not diſtinguiſn the 
Conſe- 
quently, while the planet is deſcribing this arc, 

no other change will be made in it's geocentric 

. that if it was to move in the tangent. 

But the geocentric place of the planet wou Id . 
not be altered, if the planet was to move in the 
tangent. | For if it was to move from T towards 
A, or from A to V, the apparent place of it in the 
heavens would in one caſe be at T, in the other 
caſe at V. Therefore, while the planet is at it's 


| ences elongation, and is deſcribing a ſmall arc 
in it's orbit, that nearly coincides with the tan. 


gent, it's geocentric place does not alter, but it 
appears to continue for ſome time in me e 5 
. the heavens, or is ſtationary. „ 

We Have, hitherto ſuppoſed the danch to be at 


-” a and upon that ſuppoſition have explained 0 


the progreſs and regreſs, the conjunctions and 
If this ſuppoſi- ; 
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2 
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at any time deſcribes in it's progreſs, and T V. = 
the arc which it deſcribes in it's regreſs, would _ 
always be in the ſame part of the heavens. The | if } 
planer, when in conjunction, would always ap- | [] 
pear at Q among the ſame fixed ſtars; and at | 4 | 
it's elongation, or when it is ſtationary, it would | i} 
always appear among the ſame fixed ſtars T on 11 
one fide of the ſun, and at V on the other ſide. | | 1 
But this ſuppoſition i is not true; for the earth | | 1 
revolves in it's orbit A B O round the ſun. Now 11 
if the earth is at A, the time of either conjunc- | 
5 tion, the planet at this conjunction would appear | 
| among the fixed ſtars at Q, and the arcs of the 
| greateſt elongation QV and QT, would be on | 
: each ſide of thoſe ſtars. But if the earth is at B, F {| 
at the time of either of the conjunctions, then at 1 
the time of this conjunction, the planet will ap- N 


pear in the line BS T, and be ſeen among the 
fixed ſtars at T, and the arcs of the greateſt elon- | 

| gation will be on each fide of theſe ftars, that i is, 
the conjunctions and elongations will happen | in 

a different part of the heavens, when the earth is 
at B, from what they happen when the earth is at 
A. In other reſpects, the foregoing phænomena | 
will be much the fame, notwithſtanding the mo- | 
tion of the earth, only the planet will be more 
direct in the fartheſt part of the orbit, and = „ 
7 retrograde i in the neareſt.” | [. 4 
x The inferior planets e appear very hat „ | pe 
the Ker but by the motion of the earth in F = 
5 4. ts | 1 2 12 1 5 


J 
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orbit, the ſun appears in different parts of _ ” 
heavens; in different times of the year. There. 
fore the inferior planets, as they are always very 
near the ſun, will alſo appear in different parts of 
the heavens, at different times of the year. And 
conſequently their conjunctions and greateſt 
elongations will ſometimes happen when they are 
in one part of the heavens, and ſometimes when 


they are in another part. Venus, ſeen from the 

earth, will appear to vibrate in an arc VT, half 

"of which is on one ſide of the ſun s apparent 
| place, and half on the other ſide. 


When an inferior planet, viewed from a ſupe- 


rior, moves apparently retrograde, the ſuperior 5 
planet has alſo an apparently retrograde motion. 


When a ſuperior planet, viewed from an infe- 


- rior, appears ſtationary, the inferior planet viewed 
dt the Game: ha, from the en is wa 
N ſtationary. 


There is 410 hls 13 to he 1 


notice of, with regard to the apparent motion of 
the inferior planets, viz. that they do not ſeem to 


deſcribe the ecliptic in the heavens as the ſun 


does, but are obſerved to be ſometimes above, 5 
and ſometimes below it. The reaſon of this is, 


that their orbits are inclined to the plane of the 


earth's, having one half above it, and the other 
below it, on which acount they interſect the 


plane of the ecliptic, i ina plane that paſſes through | 


| ; BE center of the Wm 4 n a is cues "© line 


& of 
x < " « * 
7 # 77 
7 hy « — 
wy 5 
f 
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of the nodes. Theſe planets, therefore, never 
appear in the ecliptic, except when they are 
in their nodes: in all other parts of their orbit 


they ſeem to be more or leſs diſtant from it, ac- 


cording as they are ſituated with reſpect to n 
and the earth, | 

The diſtance of a planet from 5 A 
it would appear if ſeen from the center of the 
earth, is called it's GEOCENTRIC LATITUDE ; as it 
would appear from the center of the RY is called 
it's A eee LATITUDE: . 


Or THE SUPERIOR PLaners. 


We have already obſerved, chat the greateſt | 


elongation of either of the inferior planets is leſs 
than ge, or a quarter of a circle ; ſo that they are 


never far from the ſun, but conſtantly attend it. 


But the ſuperior planets do not always accom= 


. pany the ſun, as we have ſhewn that the inferior | 
ones do; they are indeed ſometimes in conjunc- 
tion with it, but then they are alſo ese x in 


| oppeſition to, or 1809 from it: . 
L—eet 8, fig. 3, plate VII. be the ſun; ABCD 
the orbit of any ſuperior planet, Mars, for in- 


ſtance; E E G the earth's orbit. If the earth be 


at E, the ſun at S, and the planet at D, the ſun 
and the planet will be both on the ſame fide of 
the earth; and conſequently the planet will ap- 
Pear in conjunction with the ſun. But as the 


orbit of the earch in between the fin and he 


8 11 5 ate 
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orbit of the ſuperior planet, it is poſſible for the 
earth to be between the ſun and the planet, and 
conſequently for the; planet and the ſun to be on 
| oppoſite ſides of the earth, or the planet to be 
in oppoſition; thus, if when the earth i is at E, 
Mars de at As he is Then in n to * 5 
ſun. 5 39985 : 
„ Re 1 is is; eden 5 the. 5 
gas when it's. geocentric place is 90? from the 
geocentric place of the ſun thus if the earth be 
at E, and Mars at B or C, he is in quadrature 1 0 ; 
with the ſun; for. the lines A * E B, forma f 
* angle, as do alſo the lines E A, EC. 5 ; 
As the earth goes round the ſun, in leſs time, 
and in a leſs. orbit than any of the ſuperior pla- 
nets, it will not be amiſs to ſuppoſe a ſuperior 
planet to ſtand ſtill in ſome part of it's orbit, 
| while the earth goes. once round the ſun in her s, 
and conſider the appearances the, planets would 
then have, which are theſe: 1. While che earth 
is in her moſt, diſtant ſemicircle, the apparent 
motion of the planet would be direct. 2. 
While the earth is in her neareſt ſemicirele, the 
planet would be retrograde. 3. While the'earth* | 
is near the points of contact of a line drawn 
' from the planet, ſo as to be a tangent: to 8 | 
earth's orbit, the planet would be ſtationary. ' 
___ Toilluftrate this, let A B C DEF GH, 1 : 
| VIII. fig. 1, be the orbit of the earth, S the 
> fun, P 2 bas * the orbit of Man, L MNT. an 7 
12 f | 5 1 8 _ are 
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arc of the ecliptic. | Let us ſuppoſe the planet 
Mars to continue at P, while the earth goes 
round in her orbit, according to the order of 


the letters A BC, &. ABCD EF GH may 
be conſidered as ſo many ſtations, from whence 
an inhabitant of the earth would view Mars at 
different times of the year; and if ſtrait lines 
be drawn from each of theſe ſtations, through 
Mars at P, and continued to the ecliptic, they 
will point out the apparent POE: of e at 


theſe different ſtations. 8 


. Thus ſuppoſing the earth at as Pn ml will 
by ſeen among the ſtars at L; when the earth is 
arrived at B, the planet will appear at M; and 


in the ſame manner when at C D and E, it will 
be ſeen. among the ſtars at NR T; therefore, 


while the earth moves over the large part of the 
orbit A B CDE, the planet will have an appa- 
rent motion from L to T, and this motion is from, 
weſt to caſt, or the ſame way. with the earth; and 
the planet is faid to move direct, or according to 


the order of the ſigns. When the earth is near 
to A and E, the point of contact of the tangent 
| to the earth's orbit, the planes 1 be e 5 
ſor a ſhort ſpace of time. 1 
When the earth moves >< E to. H, the As | 
net ſeems. to return from IT to N; and while it 
moves from H to A, it will be retrograde % %% 
where it will again be ſtationary: and ſince the 5 


Part of She. Srbix, which the earth deſcribes in 
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paſſing. from A to E, is much greater than char 
part E H P, though the ſpace T L which the 
planet deſeribes in direct and retrograde motion 


is the ſame; the direct motion from L to T muſt 


be much ſlower than _ ng 888 motion . 
T to L. 
When the thank; is at 10. a 3 . C 
through S and P to the ecliptic, ſhews that Mars 


is then in conjunction with the fun. But when 
the earth is at H, a line drawn from H through 


P, and continued to the ecliptic, would termi- 


nate in a point oppoſite to S; therefore in this 


fituation Mars would be in oppoſition to the ſun. 
Thus it appears that the motion of Mars is direct 
When in e and ene when in 
| oppoſition. 4 

The retrograde motions of cho nice 5 
ow oftener, the flower their motions are; as 
the retrograde motions of the inferior planets hap- 


pen oſtener, the ſwifter their angular motions. 

; _ . - Becauſe the retrograde motions of the ſuperior 
_  ' planets depend upon the motions of the earth. 
but thoſe of the inferior on their own angular 


motion. A ſuperior” ene is retrograde once in 
, each revolution of the earth; an Finferiof” one in 
every revolution of it's Om. 
The ſuperior planets are ſetters nearer f the | 
n at other times; they alſo appear larger, 
or ſmaller, according to their different diſtances 
wi Thus ſuppoſe the earth to be at C; if 
„ „% ͤ œ | Mars 
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Mars be at P, he is the whole diameter of the 
earth's orbit nearer to us, than if he were at V, 
and conſequently his diſc muſt appear larger at V 
than it would be at P. In other places, the 


diſtances of Mars from the earth are ant | 


| mediate, 
The diameter of the earth's orbit bears a 


greater ratio to the diameter of the orbit of Mars, 
than it does to the diameter of the orbit of Jupi- 

ter; and a greater to that of Jupiter, than of 
5 Saturn and conſequently the difference between 
the greateſt and leaſt apparent diameters is 
greater in Mars than in e and . in 
4 0 than in Saturn. 

The ſuperior, like the deer 3 FO not 
. appear in the ecliptic, their orbits being 
inclined alſo to that of the earth; one half is 
therefore above the ecliptic, the other half below 


it, nor are they ever ſeen in it ue when mat * a 


in their nodes ff ooo in fot 
If, therefore, two planets Nr to dei in con- 
junction, at the time they come near the node of 
one of them, they would be ſeen from the ſun 
apparently to touch one another; and the fartheſt 
of thoſe planets from the ſun would fee: the 
neareſt moving over the face of the ſun, like a 
black ſpot, being then directly between the fun. 
and the remoter planet. So the planet Venus 
was obſerved from the earth, in the tranſits of the 
7 ee me PN; Alſo, ſhould an -oppo- 
8 5 ſition 
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tion of two planets happen near a node of one =. | 
of them, the ſun being then directly between 
them, would hide the light of one from the 


Tuar THE PLANETS ARE OPAKE Boprzs, anD 
5 DERIVE. THEIR Liehr FROM | "THE Sox. 


That the planets are all opake, or dagk bodies, 
a conſequently ſhine only by the light they re- 
ceive from the ſun, is plain, becauſe they are not | 
viſible when they are in ſuch parts of their orbits _ OY 
as are between the ſun and earth; that is, when 5 
their illuminated ſide is turned from us. 
The ſun enlightens only half a planet at once: 4 
ie illuminated hemiſphere is always that which _ 
* "is turned towards the ſun, the other hemiſphere 7 + 
5 the planet is dark. To ſpeak with accuracy, 
the ſun being larger than any of the planets, will 
illuminate rather more than half; but this differ- 
ence, on account of the great diſtance of the ſun 
from any of the planets, is ſo ſmall, that it's light 
may be bee ne to them in lines „ 
nene. wry „„ 
Like other opake wells. hu caſt a er oe 
behind them, which is always oppoſite to the ſun. | 
Theline in the planet's body, which diſtinguiſhes | 
the lucid from the obſcure part, appears ſome- - | 
times ſtrait, ſometimes crooked. The convex þ 
part of the curve is ſometimes towards the ſplen- 


. 15 the net fowards. that which: i is ob. - 
| ſeure, | 
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ſeure, and vice verſa, according to the ſituation 
of the eye with reſpect to the planet, and of _ 
ſun which enlightens the planet. 7 
- Hence the inferior planets going round the ſun 
in leſs orbits than our earth does, will ſometimes: 
have more, ſometimes leſs of their illuminated 


| fide towards us; and as it is the illuminated part 
only which is viſible to us, Mercury and Venus 


will, through a good teleſcope, exhibit the ſeve- 
ral appearances of the moon, from a fine thin 


creſcent to the enlightened hemiſpherdG. 
If we view Venus through a teleſcope; when 


the follows the ſun's rays on the eaſtern ſide; and 
appears above the horizon after ſun-ſet, we ſhall 
ſee her appear nearly round, and but ſmall; ſhe 
is at that time beyond the ſun, and preſents to us 


an enlightened hemiſphere... As ſhe departs from: 


the ſun: towards the eaſt, ſhe augments in her 
apparent ſize; and on viewing her through a 


teleſcope, is ſeen to alter her figure, abating of 
her apparent roundneſs, and appearing ſuc- 


ceſſively like the moon, in the different ſtagesof 


her decreaſe. At length, when ſhe is at her 


greateſt elongation, ſhe is like. the moon in her 


| firſt quarter, and appears as ſhe does when from 


2 full ſhe has decreaſed to half a moon. 


After this, as ſhe approaches (in appearance) 
to the ſun, ſhe appears concave in her illumina- 
ted part, as the moon when ſhe forms a creſcent; 


us ſhe continues till the i is hid 2 in ce 
. dun 3 
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x fan's rays,” and preſents to us her whole datlt 
hemiſphere, as the moon does in her conjunction, 
no part of the planet being then viſible. 


When ſhe: departs out of the ſun's rays on 


the weſtern ſide, we fee her in the morning, 
Juſt before day-break. It is in this ſituation - 
chat Venus is called the morning ſtar, as in the 
other ſhe is called the evening ſtar. She at this 
time appears very beautiful, like a fine thin creſ- 
dent; juſt a verge of ſilver light is ſeen on her 


edge. From this period ſhe grows more and 


more enlightened every day, till ſhe is arrived at 


her greateſt digreſſion or clongation, when the 
again appears as a half moon, or as the moon in 


- hat firſt quarter; from this time, if continued to 
be viewed with a teleſcope, ſhe is found to be 
more and more enlightened, though ſhe'is all the 


while decreafing in magnitude, and thus con- 


tinues growing ſmaller and rounder, till ey 18 
_ again hid or loſt in the ſun's rays. 


Fig. 1 and 2, plate IX. repreſents 3 . 


of Venus and the earth, with the ſun in the cen- 
ter of them. The planet Venus is drawn in eight 
i different anstione, with it's illuminated hemi- 
5 . ſpheres 1 towards the fun. If we ſuppoſe the earthy 
to be at T, when Venus is at A, her dark hemi- 
Ve ſphere is towards. the earth, and ſhe is therefore 
inviſible, except the conjunction happens in her 
een for ron 2 e like a Gat its upon 
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the diſc of the ſun. When Venus is at B, a lit» 
tle of her enlightened fide is turned towards the 
earth, and therefore the appears ſharp-horned ; 
when ſhe isat C, half her enlightened hemiſphere 
is turned towards the earth,» and ſhe appears like 
an half moon; at D, more than half her enlight. 
ened. hemiſphere is towards us, and ſhe appears 
like the moon about three days before it is full; 
at E, the whole enlightened hemiſphere is to- 
wards, the earth, Venus is then either behind the 


ſun, or ſo very near him, that ſhe can hardly be 


ſeen: but if ſhe could, ſhe would appear round, 
like the full moon. At F ſhe is like the moon 
three days after the full; at G like a half moon 


again; at H like a creſcent, with the points of | 


the horns turned the contrary way to what they 
were at B. All this is Ser e to 


Mercur. 
Fig. 2, plate IX. exhibit the different appear. 


ances of Venus, correſponding to her ſeveral ' 


ſituations in the foregoing figure; thus when 
Venus is at A, fig. 1, ſhe is quite dark, as at A, 
fig. 23 When ſhe is at Ka 108 1 ene 
1 Rea, os iS 

Tbe inferior a do not Giga: brighteſt 


when they are full; thus Venus does not appear 


brighteſt in her ſuperior conjunction, though her 
illuminated hemiſphere be then turned towards 
us. Her ſplendor. is more diminiſhed by her 
' bee ate ' diſlance from: us, than the con- 

ry LY "SHOP 


IE 


; 
. 

1 
= : 
Jt 

: 

j 
4 

i 

4 
2 

| 

: 

: 

7 
» 

1 

1 
- 

* 
X 

{ 

[ 
11 
* 
11 
1 
5 
4 . 
: 

- 
#1 
k © 
F : 
f : 

2 
MW, 
FS 
VB: Þ 
SF) 7 

+ 
1 
= BW 
8 

3 
1 
1 
3 
= 
4 
1 9 
= 


Pa ets. a 


: 
— J — — ets gon 
. us , * 
r. Ry - 
— —— — a - 1 14K, 
1 r 2 * — 5 
> DPD <= a VE ES . 
+ — — — — — — = » - 4 ” 
— — — — - 1 = l : 4 
2 ny 0 — ler &. —— 2 2 * 2 Sa 2 5 — 
£ "FF. ov 2 AS , „r Nr * 2 _ — — 8 — on 
7 1 . GT: Fg = vis Mita ww . _ Tal Bo Xx r= — — > — m 3 
__ l th 8 N TH G YE SS . * , . __ : —- 
? 9 —— K — * be * 2 . X _* * = . Lo. 7 
- * So 
p 12 ND 1 — 
1 * 2 FR * 7 
wy * A 
P o my 


A 5 x - q 1 oc” 2 
rere 2 N == — 
— e — is — ern * 5 
N r 
2 CY 
» = 


8 «I 2 
3 8 
rn 
By x be rn 2 
_— * 


ly * I 
r 


2 — 2 R 8 
8 » EN "EK. k * 
r Ang ie TD. 
N ** — Tn wa — ©. 2 _ 
«4 5 4a. — = 
= — 
id SY 7 * 


f 


„* 2 OS, ne 
w 2 = DS 4 22 


142 ASTRONOMICAL Ess vs: 


ſpicuous part of her illuminated diſc is increaſed. 
Dr. Halley has ſhewn, that Venus is brighteſt 
when her elongation from the ſun is about 400% 
Mercury is in his greateſt e when ke 
near his utmoſt elongation. 


The" ſuperior planets going nel the ſun in 


Loſi orbits than the earth, always, turn much 


the greater part of their enlightened hemiſphere 


towards it, and therefore appear round, like the 
full moon, except Mars, who ſornetimes e 
Ake the moon at a little diſtanee from the füll. 


Jupiter and Saturn are ſo remote, that they 


turn very nearly the ſame hemiſphere towards us, 


that they do towards the fun; for which reaſon, ; 
thoſe planets hag _ round vgs the 


e | 


on So W * bra] 0 i of FA 


Primary planets, the earth, Jupiter, Saturs, and 


the Georgium Sidus, are, in their revolutions 


round the ſun, attended by ſecondary planets. 


As the moor turns round the earth, enlighten- 


8 2 ing our nights, by refecting the light ſhe receives 


from the ſun, ſo do the other ſatellites enlighten 


the Planets to which they belong, and move 


round thoſe planets at different periods of time, 


=. proportioned. to their ſeveral diſtances; and as 
| eee with this earth, in it's 


. „%% Ws _ annual 


vs. 1 
55 Ws F 2 


3 Sr IVE 


— 


* 


ASTRONOMICAL ESSAYS. | 1143 


annual revolution round the ſun, ſo do they ſeves 
rally accompany the planets to which they belong 
in their ſeveral courſes round that Juminary. - 


We ſhall ſpeak here only of the moon, which 


| of all the heavenly bodies, excepting the ſun, is 
the moſt ſplendid and brilliant, the inſeparable 


companion and attendant of our earth. In my= 


-thology ſhe was conſidered as Luna, in the hea- 


vens the radiant planet of the night, upon earth 


as the chaſte ns and as the ee _ 


cate in hell. 


If we imagine the plane of the Hon orbit to 


* extended to the ſ phere of the heaven, it would 


| mark therein a great circle, which may be called 


the moon's apparent orbit; becauſe the moon 


appears to the inhabitants of the earth to move in 


that circle, through the twelve ſigns of the zodiac, 


jn a periodical month. This poſition is illuſtrat- 
ed by the following figure; let EF G Hl, fig. 9 
plate X. be the orbit of the earth, S the ſun, a b 
c d the orbit of the moon, when the earth is at 
E: let AB CD be a great circle in the ſphere 
of the heaven, | in the ſame plane with the moon's 
orbit. The moon, by going round her orbit ac- 
cording to 3 letters, appears to an in- 
habitant of the earth to go round in the great cir- 
ele AB C P, according to the order of thoſe let- 
ters: for when the moon is at a, ſeen from the 
curth at E, ſhe appears at A; when the moon is + 
* to b, de . B. ones 6, ſhe will 
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appear at C; when arrived at d, ſhe will appear 
at D. It is ttue, when the moon is at b, the 
viſual line drawn from E, through the moon, 
terminates in L; as it does in M, when the 
moon is at d; but the lines LM and DB being 


parallel, and not farther diſtant from each other 


than the diſtance of the earth's. orbit, are as to 
Tenſe coincident, their diſtance meaſured in the 
ſphere of the-heaven being inſenſible; for the ſame 


reaſon, though: the earth moves from E to F, in 
| the time that the moon goes round her orbit, ſo 


that at the end of a periodical month the moon 
will be at a, and is ſeen from the earth at E, in the 
= FN; the moon will, notwithſtanding, Ap. | 
. pear at A, the lines FN and EA being parallel, 
and as to ſenſe coincident: in like manner, in 
whatever part of her orbit the earth i is, as at H 
or I, the moon, by going round in her orbit, | 
will appear to an inhabitant of the 8 to 80 
e eee | 
Ne plane of the moon's orbit at: to 
: cuts POP . in two ou 


5 


points. e 40 2 

The two e Abs the moon" s ; apparent: or- 
bb thus cuts 2 7 cliptic, are "OE: nl %% 
NODES. 4 . „ ; 

The point 1 es pete to Oe” 6 the 
"a as ſhe goes into north latitude, is 
called the-moon's- aſcending node, of which this 
on. mo oe og e the moon 
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goes into ſouth latitude is her deſcending node, 
and is marked thus ; the moon's aſcending 
node is often called the dragon's head; her de- 


ſcending node is called the dragon's tail. 


The LINE OF THE MOON'S NODE is a line _—_ 
from one node to the other. | 
The extremities of the line of the nodes are not 
always directed towards the ſame points of the 
_ ecliptic, but continually ſhift their places from 
eaſt to weſt, or contrary to the order of the ſigns, 
performing an entire revolution about the earth, 
de en aaa. nz.) * e 
iW. 
The moon appears in the ecliptic 8 when 
ſhe is in one of her nodes; in all other parts of 
ber orbit ſhe is either in north or ſouth latitude, 
ſometimes nearer to, ſometimes further removed 
from the ecliptic, according as ſhe happens 0 to 
| be more or leſs diſtant from the nodes. | 


When the place in which the moon appears to 
an inhabitant of the earth, is the ſame with the 


fan's place, ſhe is ſaid to be in conjunerion. 
When the moon's place is oppoſite to the ſur's 
place, ſhe is faid to be in oryost Tow. When 


ſhe is a quarter of a circle diſtant from the ſur 


ſhe is ſaid to be in ADRA TURE. Both the con- 
junction and oppoſition of the moon are termed 


STZ TGIESs. 


., ee or- the time that 


_ e between any new moon and the next that 
K . follows 
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follows it, is called A sYNODICAL MoNTH, or * 
\LUNATION.{ This month contains 29 days, 12 
hours, 44 minutes, 3 ſeconds. „ 

A PERIODIC: MONTH is the time the moon this 
up to deſcribe her orbit; or in other words, the 
time in which the moon performs one entire revo- 


lution about the earth, from any point in the 


zodiac to the ſame 1 and RES ap 19785 | 


. 43 minutes. 
Af the earth had no e pai as flin,. 


or the ſun no apparent motion in the ecliptic, 


the periodical and ſynodical. month would be the 
ſame; but as this is not the caſe, the moon takes 
up a longer time to paſs from one conju junction 
to the next, than to deſeribe i it's whole orbit; or 


the time between one new moon and the . 5 


mom than the moon's periodical Hime. 
The moon revolves round the earth "FE OY 


55 caſt, and the ſun! apparently: revolves round the 5 


earth the ſame way. Now at. the new moon, or. 
hen the ſun and moon are in con junQion; hay © 


both ſet out from the ſame place, ig move the 


Hs ay round the earth; but the moon moves 


; . Op faſter't ;than. the ſun, and: conſequently will 
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it's orbit; . as the ſun moves ond in the 
ecliptic, whilſt the moon is going round, the 


moon muſt move a little more than once round, 


before it comes even with the ſun, or before it 


comes to conjunction. Hence it is that the time 
between one conjunction, and the next in ſuc- 


ceſſion, is ſomething more than the time the 


moon takes up to go once round it's orbit: 
or a ſynodical SR Ow Aa a real | 


ohe e u a 01 | 
In fig. 3. ave IX. eh 8 by ths fo Fo F a 
8 of the earth's orbit, M Da diameter of the 


moon's orbit when the earth'i is at A, and m d 


another diameter parallel to the former, when 
the earth is at B. Whilſt the earth is at A; if the 
moon be at D. ſhe will be in conjunction; and 


lt he earth was to continue at A, when the moon 


had gone once round it's orbit, from D through 
M. ſo as to return to D again, it would again be 


in conjunction. Therefore, upon the ſuppoſi ition 
- that the earth has no motion in it's orbit, the pe- 


riodical and ſynodical months would be equal to 
one another. But as the earth does not continue 


at A, it will move forwards in it's orbit, during 


the revolution of the moon from A to B; and as 
the moon's orbit moves with it; the diameter 


P vill then be in the poſition m d; therefore, 


when the moon has deſcribed it's orbit, it will 
4 be at d in this diameter m d; but if the moon is 
at d, and the Gita g the moon . not be in 
TIRE EE K* cochune. 
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conjunction, confequently the periodical month 
is completed before the ſynodical. The moon, 
in order to come to conjunRion, when the earth 
is at B, muſt be at e, in the diameter e f; or be- 
a fides going once round in it's orbit, it muſt alfo 


_ - deſcribethearc de. The ſynodical month is, 


therefore, longer than the periodical, by the time 
the moon takes up to deſcribe the are d e. - 
This may be alſo explained i in another manner, 
2 conſidering the motion of the ſun; a view of 
tke fubjeR, that may render it more eaſy to ſome 
young minds than the foregoing, Thus let us 
ſuppoſe the earth at reſt at E, fig. 4; plate IX. 
M the moon in conjunction with the ſun at Ss, 
"while the moon deſciibes her orbit A B C about 


ke earth at E, let the ſun advance by his appa- 


rent annual motion from 8 to D. It 0 pon | 
that the moon vill not come in conjun 
the ſun again, till, befides. deſeribing Bia orbit, 

_ the hath delcribed, over and above, do: arch 

hos F, correſponding to the arch S ꝛ. 

As the moon goes round the earth in a W 85 
antes ee e that in which dhe earth re- 
volves round the ſun, ſom imes more, ſome- 
times leſs, and ſometimes no part of her enlight- 

ened half will be towards us; hence ſhe is inceſ- 
fſantiy varying her appearance ; ſometimes ſhe = 
looks full opon us, and her viſage is all luſtre, 

ſometimes the ſhews only half her enlightened = 
nee, ; foon ſhe TW A wills: creſcent. in 


alittle | : 


n with _ 


L OR 
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2 little time all her brightneſs vaniſhes and the 
becomes a beamleſs orb. 

The full moon, or oppoſition, is that ſtate in 
which her whole diſk is enlightened, and we ſee 
it all bright, and of a circular figure. The new 


moon is when ſhe is in conjunction with the ſun; 
in this ſtate, the whole ſurface turned towards us 


is dark, and ſhe is therefore inviſible to us. 


The firſt: quarter of the moon ſhe appears in 
the form of a ſemicircle, whoſe circumference is 
turned towards the weſt, At the laſt quarter, ſhe 
appears again under the form of a ſemicircle, 


but with the eirtumſenenge turned orange * 
eaſt. 

Ahe 3 may be illuſtrared i in a very. 1 
** manner to the pupil, by expoſing an ivory 
ball to the ſun, in a variety of poſitions, by which 


it may preſent a greater or ſmaller part of it's 


illuminated ſurface to the obſerver. If it be held 
nearly in oppoſition, ſo that the eye of the obſer- 
ver may be almoſt immediately between it and 
the ſun, the greateſt part of the enlightened fide 
will be ſeen; but if it be moved in a circular 
orbit, towards the ſun, the viſible enlightened 


part win gradually decreaſe, and at laſt diſappear, 


the ball is held dircQly' towards the ſun. 


Or to apply the experiment more immediately to 


our purpoſe ; if the ball, at any time when: the 
ſun and moon are boch viſible, be held directly 
. the moon, 
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that part of the ball on which the ſun ines, will 
appear exactiy of the fame e as the moon 


The phaſes: of FW moan; like thoſe of b Venus, : 
may alſo be illuſtrated by a diagram; thus in fig. 
1, plate X. let S be the ſun, T the earth, ABC 


DEF G the orbit of the moon. The firſt 
obſervation to be deduced from this figure, i is 
that the half of the earth and moon which is to- 
wards the ſun, is wholly enlightened by it; and 


the other half, which is turned from it, is totally 
dark. When the moon is in conjunction with 
the ſun at A, her enlightened hemiſphere is 


turned towards the ſun, and the dark one to- 
wards the earth; in which caſe, we cannot ſee 


her, and it is faid to be new. moon. When the 
moon has moved from A to B, a ſmall portion 


a bof ber enlightened hemiſphere will be turned 


towards the earth; which portion will appear of 


| the form repreſented at B, fig. 2, plate XI. (a 
| 8 Which exhibits the e Wage ee 


to us). 8 HT . . * * Mets ; 
As 3 moon 1 in bes A ene 5 
"vo the order of the letters, more and more of her . 


enlightened part is turned towards the earth. 


When ſhe arrives at nin which poſition: ſhe is 


ſaid to be i in quadrature, one half of that part to- 
wards the earth is enlightened, appearing as: at: C/ 


among the phaſes; this appearance is called a 


n moon. ee ee . the greateſt 
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part of that half which is cowards us is enlight- 


ened; the moon is then ſaid to be gibbous, and 


of that figure which is ſeen at D, in fig. 2. 
When the moon comes to E, ſhe is in oppo- 
ſition to the ſun, and conſequently turns all her 
illuminated ſurface towards the earth, and ſhines 
with a full face, for which reaſon ſhe is called: a 
full moon, As ſhe paſſes through the other half 

7 of her orbit, from E by F G, and H to A again, 


ſhe puts on the ſame faces as beloro; but in A : 


£*% 


contrary. order or poſition. 


s the moon, by reflected HK _ 7 ſun, : 


win rates the earth, ſo the earth does more than 


repay her kindneſs, i in enlightening the ſurface of 5 


the moon, by the ſun's reflex light, which ſhe 
diffuſes more abundantly upon the moon, than 
the moon does upon us; for the ſurface of the 
earth, is conſiderably greater than that of the 
moon, and conſequently if both bodies reflect 
light in proportion to their ſize, the earih will 
reflect much more light n ſhes moon: thank 
receives from i . e „ roars | 

In new moon; de lemi ſide of the REIT 


* ja fully turned towards the moon, and the Luna- 


rians will have a full earth, as we, in a ſimilar 
poſition, have a full moon. And from thence 
ariſes that dim light which ĩs obſerved in the old 
: and new moons, whereby, beſides the briglit and 
ir E harns, we can 55 reſt of her 
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body behind them, though but dark and obſcure. 
Now when the moon comes to be in oppoſition 
to the ſun, the carth, ſeen from the moon, wil 
appear in conjunction with him, and it's dark 
"fide will be turned towards the moon, in which 
poſition the earth will be inviſible to the Luna - 
rians; after this, the earth will appear to them 
as a creſcent. In a word, the earth exhibits the 
ſame appearance to the inhabitants _— the n. 
that the moon does to us. I 

The moon turns about it's ew xxis in bebe 

de time that it moves round the earth; it is on 
this account that 'ſhe always preſents nearly 
the ſame face to us: for by this motion round 


her axis, ſhe turns juſt ſo much of her ſurface 135 


* conſtantly towards us, as by her motionabout the 
rarth would be turned from us. This motion 


bout her axis is equable and uniform, buʒt 


thar about the earth is unkqual and irregular, 


as being performed. in an ellipſis; conſequently - 


de ſame preciſe part of the moon's ſurface . 
can never be ſhewn conſtantly to the earth; 
which is confirmed by a teleſcope, by which 
vue often obſerve a little ſegment on the 
enſtern and weſtern limb, appear and diſappear 
by turns, as if her body librated to and fro; this 
phenomenon is called the moon's LISRATION. 
The lunar motions are ſubject to feveral other 
Irregularities, which are fully diſcuſſed - in the = 
| oye works on 8 Res > 4 


4 ge 
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Or EcLipsts. 


Thoſe phenomena that are termed eclipſes, | 
vere in former ages beheld with terror and 


amazement, and looked upon as prodigies that 
portended calamity and miſery to mankind. 


Theſe fears, and the erroneous opinions which 
produced them, had their ſource inthe hierogly-- 


 phical language of the firſt inhabitants of the 
earth. We do not, however, imagine that even 


the moſt ancient of theſe knew any more of the 
laws and motions of the heavenly bodies, than 
- what could be diſcovered from immediate fight ; | 
or that they knew enough of the lunar ſyſtem to 
calculate an eclipſe, or even that they ever at- 


"OY It. 


The word xcL1se is derived from tlie ien | 


and ſignifies dereliction, a fainting away, or 


ſwooning. Now as the moon falls into the 


ſhadow of the earth, and is deprived ofthe ſun's 
_ enlivening rays, at the time of hergreateſt bright- 


neſs, and even appears pale and languid before 
her obſcuration, lunar eclipſes were called Luna 


 LaBores, the ſtruggles or labours of the moon; 


to relieve her from theſe imagined diftreſſes, 
ſuperſtition a methods as 5 impotent? as They 


Were abſurd.” 


When the moon, by paſſing between us and 


-thi ſun, deprived the earth of it's light and heat, 
an fun was e turn away his face, as if in 


. abhor- 8 
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e of the crimes of mankind, and to 
threaten everlaſting night and deſtruction to the 
world. But thanks to the advancement of 
ſcience, which, while! it has delivered us from the | 
fooliſh fears and idle apprehenfions of the an- 


cients, leaves us in poſſeſſion of their repreſen. = 
| tative Knowledge, enables us to explain the ap- 


pearances on Which it was, founded, and points 

out the perverſion and abuſe of it. 
Any opake body that i is expoſed to the light of ; 

the ſun, - will caſt a ſhadow behind it. This 


; ſhadow. i is a ſpace deprived of light, into which | 


N another body comes, it cannot be ſeen for want 


of light; the body thus falling within the Nd - 


dow, is ſaid to be Sein 


The earth and moon being opake 1 aud 


deriving their light from the ſun, do each of them 


caſt a ſhadow behind, or towards the hemiſphere 4 
oppoſed to the ſun, N ow. hen cither the moon 


| or the earth paſſes through the « other ſhadow, it 


is thereby deprived of illumination from the ſun, 


and. becomes inviſible; to a ſpectator on the body 


5 from whence the. ſhadow comes; and, ſuch ſpec-.: 


n 
3 


| an Are 3 1, the ee body .. 395 2. the opaks. 
| 5 body. 


tator will obſerve an eclipſe of the body Which | 


is paſſing through, the ſhadow ;- while a {| ſpectator. . 8 


; on the body which paſſes. through. the. ſhadow,.. | : 
will obſerve an i eclipſe ol of the ſun, being e . . 


5 of his light. FVVä + Vaces ff 


Hence chere e 8 be 9705 bodies 1 in 5 
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body, that caſts the ſhadow ; and; 5: the <body 
ſnyolve@i in che ſhadow. 2 | | 


Or Eclirsxs OF, THE Moos. Z 


A the int is an pale body; ee . 


the ſun, it will caſt a ſhadow towards thoſe parts 
that are oppoſite to the ſun; and the axis of this 


ſhadow. will always be in the plane of the ecliptic, 
becauſe ba ee” ſun and. whe e are W | 


there. . 


The has 4045 alles ati are. ok ſoherical 


en ; if they were, therefore, of an equal ſize, 


the ſhadow of the earth would be cylindrical, as 


in fig. 5, plate IX. and would continue of the 
dame breadth at all diſtances from the earth, and 


would conſequentiy extend to an infinite diſ- 


tance, ſo that Mars, Jupiter, or Saturn, might 


be eclipſed by it; but as theſe planets are never 
_ eclipſed by the earih, this'is not the ſhape of the 


ſhadow, and onda the catth: is not cqual 
in ſize to: the ſun. BY 1585 Lo N 33 . 3 


If the ſun were leſs than the 1 5 thi ſhadow : 


5 8 be wider, the farther it vas from the earth, 
_ Hee fig. 6, plate IX. and would therefore reach 


to the orbits of Jupiter and Saturn, and eclipſe 


any of theſe planets when the earth came between 
the ſun and them; but the earth never eclipſes 


them, therefore this is not the ſhape of it's. ſha- p 
dow, and e ge 1 ws is FN _ i : 
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As we have proved that the earth is neither 
larger nor equal to the ſun, we may fairly con- 
clude that it is leſs; and that the ſhadow of the 
earth is a cone, which ends in a point at ſome 
diſtance from the earth, ſee fig. 7, plate IX. 


The axis of the earth's ſhadow falls always upon 


that point of the ecliptic that is oppoſite to the 
fun's geocentric place; thus if the ſun be in the 
firſt point of Aries, the axis of the earth's ſhadow 


will terminate in the firſt point of Libra. It is 
| the moon but when the earth is interpoſed be- 


tween it and the ſun, that is, at the time of it's 


oppoſition, or when it be full; for unleſs it is 


X oppoſite to the ſun, it can never be in the carth's 
' ſhadow: and if the moon did always move in 
the plane of the ecliptic, ſhe would every full 


| moon paſs through the body of the ſhadow, and 
ere would be a total eclipſe of the moon, 


We have already obſerved, that the moon's 
orbit is inclined to the plane of the ecliptic, and 


dnly coincides with it in two places, which are 


termed the nodes. It may, therefore, be full 
. her: en in the plane of the 
| 25 EIS, 


9 8 A pegs may he in oppoſition to, or ; conjunftion' with - 
the ſun, without being in a right line that paſſes through the 
fun and the earth. Aſtronomers term it in conjunction 
With the ſun, if it be in the ſame part of the zodiac; in op- 

_ poſition, e of the zodiac, e the 
bg ; | 


i; 
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ecliptic ;. ſhe may be either on the north or the 
ſouth fide of it; in either of theſe cafes, ſhe will 
not enter into the ſhadow, but be above it in the 
one, below it in the other. . 

To illuſtrate this, let H G, fig. 1, 3 XI. 


repreſent the orbit of the moon, E F the plane 


of the ecliptic, in which the center of the-carth's 
ſhadow always moves, and N the node of the 


- moon's orbit; ABCD four places of the ſhadow 
of the earth in the ecliptic. When the ſhadow 
is at A, and the moon at I, there will be no 
_ eclipſe; when the full moon is nearer the node, 
as at K, only part of her globe paſſes through 


the ſhadow, and that part becoming dark, it 
is called a PARTIAL ECLIPSE;z and it is ſaid to be 
of ſo many DIG1Ts as there are TWELFTH PARTS 
of the moon's diameter darkened. When the 
full moon is at M, the enters into the ſhadow C, 


- and paſſing through it becomes wholly darkened 


at L, and leaves the ſhadow at O; as the whole 
body of the moon is here immerſed in the ſhade, 


this is called a ToTaL cis. But when the 


moon's center paſſes through that of the ſhadow, 
which can only happen when ſhe is in the node 


at N, it is called a TOTAL AND CENTRAL ECLIPSE. | 


There will always be ſuch eclipſes, when, the 


center of the moon, eee ee meet 
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The duration of a central Kh is ſo long, ns 
to let the moon go the length of three of it's di- 
ameters totally eclipſed, which ſtay in the earth's 


ſhadow is computed to be about four hours; 


- whereof the moon takes one hour from it's begin- 


ning to enter the ſhadow, till quite immerſed 
therein; two hours more ſhe continues totally 


dark; and the fourth hour 1 1s taken, up. from her 


firſt beginning to come out of the a till 
| dhe i is quite out of it. 4 5 
In the beginning of an 3 NOR moon, enters 
the weſtern part of the ſhadow; with the eaſtern 
Part of her limb, and, in the end of it ſhe leaves 
the eaſtern part of the ſhadow with the weſtern 
5 part o of her limb; all be intermediate time, from . 
her emrance to her quitting the ſhadow, is 
reckoned into the eclipſeʒ but only ſo much into 
the total immerſion, as rae While dm is 


2 jb N. 8 


e e obſcured. 


From the Wa dude of che Glas 585 Pas of _ 


aha” their diſtance from each other, the reſrac- 


tion of the atmoſphere, and the diſtance of the 
moon from the earth; it has been calculated that 


the ſhadow 6f-the-eatrh terminates in a point, | 
which does not reach ſo far as the moon's orbit. 


The moon is not, therefore, eclipſed by, the 
ſbadom of the earth alone. The atmoſphere, by 


refracting ſome of the rays of the ſun, and re- 


leting others, caſts a ſhadow, though not ſo 


| dark a one as that which ariſes from an opake 
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| body when, therefore, we ſay that the moon is 
5 eclipſed, by paſſing into the ſhadow of the earth, 


i s to be underſtood of the ſhadow of the earth, 


together with it's atmoſphere. Hence it is that 


the moon is viſible in eclipſes, the ſnadow caſt 


by the atmoſphere not being ſo dark as that caſt 


by the earth. The cone of this ſhadow is larger 


than the cone ö of the earth's ſhadow, the baſe 


thereof broader, the axis longer. There have 


been eclipſes of the moon in Which the moon 
has entirely diſappeared: Hevelius mentions one 


of this kind, which happened in Auguſt 1647, 
when he was not able to diſtinguiſh the place 


of the moon, even with a good teleſcope, 
o ſee the ſtars af the fiſti magnitude. 


-rays of the ſan, caſt a ſnadow from them, which 
is encompaſſed by a PENUNMHBRA, or thinner 


mer, growing larger and larger as we recede 
from the body: in other words, the penumbra is 
- all thar ſpace ſy rounding the ſhadow, i into which 
of that half of the globe of the*fun;\'which'is 


Aegis by the intervening body. Nes 


Fine Hen the e cone is 8 G H. 
12 „ . Ei ©: 8 . . bs EE The 


although the-ſky' was ſufficiently; clear ” bim 


All opake bodies, when illuminated by-e the x 


ſhadow, which every where ſurrounds the for- 


the rays of light can only come from ſome part 5 


turned towards the planet; All the reſt "rang 


Let 8, fig. 2, plate XI; be the fun; E the 
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| The nearer any part of the . 
_ ſhadow, the leſs light it receives from the ſun; 
but the further i it is, the more ii is enlightened ; = 


; thus the parts of the penumbra near M. are illu- 
minated by thoſe rays of light, which come from 


mat part of the ſun near to I, all the reſt being 


intercepted by the planet E; in like manner, 
the parts about N can only receive the light that 


comes from the part of the ſun near to L, where- 


__ as the parts of the penumbra at P and Q are en- 


_  lightened in a much greater degree: for the 


OD EO planet intercepts from P only thoſt rays Which 
come from the ſun near L, and hides from W 
. en part of the. ſun near IJ. 


55 ' The moon paſſes zhrough the pen bra bee 
> Hh enters into the ſhadow of the atmoſphere ; 


- "this cauſes her gradually to loſe her light, which” _ 

zs not ſenſible at firſt, but as ſhe goes i into the 

dauarker part of the pendmbra, the grows paler; 
the penumbra, where it is contiguous to the 
- ſhadow, is ſo dark, that it is difficult to diftin- 


Sum one from the other. If the armoſphere 


der earth to which the is oppoſite. 


The moan, in a total eclipſe, generally wot nk 
Nw duſky reddiſh colour, eſpecially towards'the 
2 r . 
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3 8 be ſerene, every eclipſe of the moon is viſible 
at the ſame inſtant to all the inhabitants of ear : 
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Or Ferryses or THE SUN, 

The moon, when in conjunction, if near one 
of her nodes, will be interpoſed between us and 
the ſun, and will conſequently hide the fun, or a 
part of him, from us, and caſt a ſhadow upon 
the earth: this is called an ci PSE Or THE SUN ; 
it © may be either partial or total. 

An eclipfe of any lucid body, is a 8 
or diminution of light, which would otherwiſe 
come from it to our eye, and is cauſed by thein- 
 terpofirion of ſome opake body. | | 


The eclipſes of the ſun and moon, though ex- 


preſſed by the ſame word, are in nature very 


different; the ſun, in reality, loſes nothing of 


it's native luſtre in the greateſt eclipſes, but is all 
the while inceſſantly ſending forth flreams of 
light every way round him, as copiouſly as be- 
fore. Some of theſe ſtreams are, however, in- 
 rercepted in their way towards our earth, by the 


moon coming between the earth and the ſun: 


"ont the moon having no light of her own, and 

receiving none from the fun on that half of the 

globe which is towards our eye, muſt appear 

dark, and make fo. much of the ſun's | diſk 

appear ſo, a8 is hid from us by her inter- 
poſition. | 


* Whath 8 Fe wn e 1 


ſore, i in reality . an r of the n which ig 
x deprived 


-; 


5 


— 
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deprived of the ſun's light, by the moon's coming 
between, and caſting a+. ſhadow upon it. The 
| earth. being a globe, only that half of it which at 
any time is turned towards the ſun, can be en- 
lightened by him at that time; it is upon ſome 
part of this [enlightened half of the earth, that 
the moon's ſhadow, c or Penne falls in a ſolar 
. eclipſe. 
The fun is always in the plane of the a Og ; 
but the moon being inclined to this plane, and 
only coinciding with it at the nodes, i it will not 
cover either the whole or a part of che ſun; or in 
other words, the ſun will not be eclipſed, unleſs 
the moon at that time is in or near one of her 
nodes. „ | 

The moon, homever, e cannot be directly he. 
tween the ſun and vs, unleſs they are both in the | 
| fame part of the heaveng; that is, unleſs they are 
in conjunction. | Therefore, the ſun can never 
be. eclipſed but at the new moon, nor even then, 
unleſs the moon at that time hi in or near one of 
5 her nodes. . 

From hence it is 1 to thew, that the dark- 
neſs of our Saviour's crucifixion was not owing to 
an eclipſe « of the ſun. For the crucifixion hap- 
pened at the time of the Jewiſh paſſover, and the | 
2 paſſover, by the appointment of the law, was to 

be celebrated at the full moon; the ſun could not, 

: therefore, be ecli ipſed at the time of the paſſover. | 


6 An intelligent tutor bel lng many opportunities 


2 1 
| | BE - 


2 
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of obſerving to his pupil, thatnature, and philoſo- 


phy, which explains the phænomena of nature, 


do always agree with divine revelation. 
The moon being much ſmaller.than the earth, - 


and having a conical ſhadow, becauſe. ſhe is leſs 


than the ſun, can only cover a ſmall part of the 
earth by her ſhadow ; though, as we have ob 
ſerved before, the whole body of the moon may 
be involved in that of the earth, Hence an 
eclipſe of the ſun is viſible but to a few inhabi- . 
tants of the earth; whereas, an eelipfe of the 


moon may be ſeen by all thoſe that are on that 


hemiſphere which is turned towards it. In other 
words, as the moon can never totally eclipſe the 
earth, there will be many parts of the globe that 
will ſuffer no ecliꝑſe, ne the ſun be above 
their horizon. „ 
An eclipſe of the Fl ns poke the 
run and; ends on the eaſtern ſide; becauſe 


the moon moving in her orbit from weſt to eaſt 
neceſſarily firſt arrives at and touches the 5 5 
weſtern limb, and goes off at the eaſtern. 


in is- not neceſſary, in order to conſtitute * 


CENTRAL eclipſe. of the ſun, that the moon ſhould 


be exactly in the line of the nodes, at the time of 
it's conjunction for it is ſufficient to denominate 
an eclipſe of the ſun-cxnTRAL, that the center of 
the moon be directly between the center of the 
ſun, and the: eye of the ſpectator; for to him, 


* ſun is en centrally eclipſed, But as the 
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ſhadow. of the moon can cover but a ſmall por 


tion of the earth, it is obvious this may happen 


when the moon is not in one of her nodes. Fur- 
cher, the ſun may be eclipſed centrally, totally, 
partial. and Dot at all at the fame time. 

A total eclipſe of the ſun is a very curious 
| ſpectacle: Clavius fays that, in that which he 
| ebſerved in Portugal, in 1650, the obſeurity was 


greater, or more ſenſible than that of the night: 


the largeſt ſtars made theit appearance for about 
a minute or two, and the birds v were fo EE h 
Fer ge fen to the ground. e ee 
Thus in fig. 3, plate XI. let ABC be che ſun, 
MN the moon, hg part of the cone of the 
moon's ſhadow, f d the penumbra of che moon: k 
from this figure it is eaſy pee, 
1. Tbart thoſe partsof the earth chat are «it 


bee n rays can 
come from any part of the ſult into tharcircle, on 
account of the interpoſition of themoon. . 
2. In thofe parts of the earth where the 
 pemamabra falls, enly part of the ſun is viſible ; 
thus between-d and g, the parts of the ſunt 'neat 
© eannor de ſeem,” the vays coming from thence 

towards d or g being intereepted by the moon; 
vVhereas at the farge time, che paris between fand 
inated by rays coming from C, bit ate 


e eee ee eee cite eee 


57 . aan the earth, within. 
the 
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rhe penumbra, is to the ſhadow of the moon, as 
in places near g, I, or h, the leſs portion of the 
ſun is viſible to it's inhabitants; the nearer it is 
to the outſide of the penumbra, as towards d, e. 
or f, the greater portion of the ſun may be ſeen. 

4. Out of the ee che entire abt ; 
fam | is viſible. 


Or THE LixtTs oF SoLAR AND Lena Ferirsks. 


The diſtance of the moon in degrees and mi- 
nutes, above or below the ecliptic line, is called 
ber LatziTups. If ſhe be above the ecliptic, the 
is ſaid to have north; if below it, ſouth latitude. 

If the latitude at any time exceed: the ſum of 


TE the ſemi- diameter of the moon, equal to 161 mi- 


nutes, and the earth's ſhadow equal to 454 mi- 
nutes, the moon at that time cannot be eclipſed ; 
but will either paſs under or over the ſhadow, 
according as ſhe happens to be above or below | 
the ecliptic line. . 
| The diſtance from the node, either 3 
e it, correſponding to the above extent, is about 
12 degrees, which is conſequently the limit of lu- 
nar eclipſes. For when a full moon happens 
within 12 degrees of the nodes, ſhe will be 
| eclipſed ; and the nearer to the nodes, the greater 
will the eclipſe be. 
- If at the new moon, . 4 ag moon 
- exceeds the ſum of the ſemi-diameters of the ſun 
164 min, and of 25 moon 164 min. we ould 
.L3 LES eos 
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fre no eclipſe of The ſun from the center of the 
earth. But as we view the luminaries from the 
| furface, which is much higher, we are obliged to 


take in the ſemi · diameter of the earth as ſeen 
from the moon. Then, if the latitude of the moon 


| be-greater than the ſum of theſe 3 numbers, 
944 minutes, the ſun will not be eclipſed ; for 


the moon will paſs either over or under his diſk, 


| according as ſhe is above or below the ecliptic 


line. The diſtance from the node on either ſide 


agreeing to the above-mentioned extent,” is the 


18 degrees, which is the utmoſt limit of ſolar 


celipſes. Whence it follows, that if the ſun and 


moon, at the time of new moon, happen ta 


de within lng nd the WR bars TRE U il be 
3 580 


3 n inn | / . 


Or THE Paxzop gr Ecuargrs, | Haw: id 
„If the Woke: of the moon's nodes were fixed, | 


eclipſes would always happen nearly at the fame 


time of the year: but as they! have à motion of 
about 3 min. 11 ſec, every day backwards, or 
contrary to the order of rhe fi igns, the ſucceeding 


eclipſe muſt recede likewiſe ; and in one revo- 


hation of the nodes, which is completed in 


18 years, 224 days, 3 hours, they will revolve 


in a retrograde manner through the year,” 2 


return to the ſame places again 


!- But there is a more correct period, called the 


Chaldean e which is 18 TOO 11 days, 
8 . . T7 hours, 
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7 hours, 43 min. For in that time the ſun and 
moon. advance juſt as far beyond a Septet 
direct revolution in the ecliptic, as the nodes 
want of completing their retrograde one: con- 
ſequently, as the ſun and moon meet the nodes 
at the end of that period, the ſame ſolar and lu- 
nar aſpects which happened 18 years, 11 days, 


7 hours, 43 min. ago, will return, and produce 
eclipſes of both luminaries, for many ages, the 


ſame as before. 


Of ancient aſtronomical obſervations much 
has been ſaid, with very little foundation, by 
many modern writers: the oldeſt eclipſes of the 


moon that Hipparchus could make any uſe of, 


went no higher than the year before Chriſt 721. 
Whatever obſervations therefore the Chaldeans 
had before this, were ORs very” rude and 


imperfect," . 


* $ f 4 4 1 4 ; 3 > 1 
185 4 - s TRL af = =» 7 1 


8 Panatiax AND Rernacrion.. 


- Aftronomy i is ſubject! to many difficulties, pe- 
ſides thoſe which are obvious to every eye. When 
we look at any ſtar in the heavens, we do not ſee 
it in it's real place; the rays coming from it, 


when they paſs out of the purer etherial me- 
dium, into our coarſer and more denſe atmo- 
ſphere, are REFRACTED, or bent in fuch a man- 
ner, as to ſhew the ſtar higher than it really is. 

4 4 : oa Tan 


* Coſtard's SONY of Attronomy. 
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| 1 ve ſee all the ſtars before they riſe, and 


after they [ct ; and never, perhaps, ſec any one 
In it's true place in the heavens, There is an- 
other difference in the apparent ſituation of the 


heavenly bodies, which ariſes from the ſlations 
in which an obſerver views them. This differ- 


ence in a is e W dae of an, 
e 


3 or ill 


— 


Ae 


The PARALLAX of any object i is the 8 


between the places that the object is referred ta 
in the celeſtial ſphere, when ſeen at the ſame 

time from two different places within that 
ſphere, Or, it is the angle under which any 
ty Places in the inferior orbits. are ben, r a 
ſuperigr planet, or even the fixed ſtars... 


The parallaxes- principally uſed - by = 


mers, are thaſe which ariſe from conſidering the 


object as viewed from che centers af the earth and 


— 7 from the ſurface and center of the earth, 


from all three compounded. . 
_The difference between the place of 4 a planet, 


: as ſcen from the ſun, and the fame as ſeep from 
the Farth, is called the parallax of the annual or- 
| icy in Aber words, the angle at any ao: 


SM 8 


* 


32 - the p parallax of the earth's or annual . . 
"Ike diurnal parallax i is the change of the ap. 
bet PREM of « a n n or 1 lk of any _ 

[celeſtial | 
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celeſtial body, ariſing from it's being viewed on 
the ſurtace, or from the center of the earth. 0 a 

The annual parallax of all the planets, i is very 
. but that 4 ae 00 n is im. 
perceptihbl e,. 1 

\ The fixed. ſtars have. no 333 pn Wig the 
moon, a conſiderable one; that of the planets. is | 
greater or leſs, according to their diſtances, 


To explain the paralla xes with reſpect to the 


earth only, let II 8 W, fig. 2, plate VIII. 
repreſent the earth, T the center thereof, oR G 
part of the moon's orbit, Pr g part of a planet $ 
orbit, Cad. part of the 85 heavens. Now | 
to a ſpectator at 8, upon the ſurface of the earth, 


let the moon appear in G. that fi is, in the nie 


horizon, of S, and it will be referred to A; 

if viewed -from the center I, it will be ae 

to the point D, which. is it's true place. 3 

| The arc A D will be. the moon's parallax ; "the 
angle! 8 G oo the parallagic angle; or the paral- 

lax is expreſſed. by the angle under which the 

ſerpidjameter XI; 8 of, tþe, eafth is feen, from the 

Mages wy TIES 

If the alien wo conſidered with 54 dect to 

Aifferent planets, i it will be greater orleſs, as thoſe 


, objects. are more or leſs diſtant from the. earth ; 3 
thus the parallax. A D of G is e than the 5 


Fanllak: ad of Beets 
If it be conſidered with telpelk to the fame 
bien i it is s cvident t that che horizontal parallax 


bor. 


© I 


[ 
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lor the Naben when the object i is in the horizon) 
is greateſt of all, and diminiſhes gradually, as the 
body riſes above the horizon, until it comes to the 
zenith; where the parallax vaniſhes, -or becomes 
equal to nothing. Thus A D and a d, the hori- 
zontal parallaxes of G and g, are greater than 
à B and a b, the parallaxes of R and er; but the 
objects 0 100 P, ſeen from 8 7 appear in _ 
| fame place Z, or the zenith. 

Wy knowing the parallax o of uy ccleſtial dene 


8 eaſily obtained by Sienenete Thus if the 
diſtance of G from T be ſought, in the triangle | 
8. 8 T being known, and the angleSG T 
determined by obſervation, The ie” 44 8 is 
5 thence know BE | 
The parallax of the moon may be Wee ide | 
by two perſons obſerving her from different fla- 
tions at the fame time, ſhe being vertical to thę 
one, an and horizontal to the other. | It i is . e 
5 concluded 1 to be about % af a5; | 
But the parallax' moſt wanted, is that of the | 
ſun, whereby his abſolute diſtance from the earth 
| would be known; and hence the abſolute diſtan- 
ces of all, the other planets would be alſo known, 
from the ſecond Keplerian law. But the parallax 
of the ſun, or the angle under which the ſemi- 
diameter of the earth would appear at that dif. 


tance, is ſo exceeding ſmall, that a miſtake of a 
Py TOY „ ſecond 
53 | | 
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miles, „ NT. 0 3 4 ; * 11 1 
e Rana chin 02 MIO 


"As one of the principal objects of ebf 
is to fix the ſituation' of the ſeveral heavenly 
bodies, it is neceſſary, as a firſt ſtep, to under 
ftand 'the cauſes which occaſion a falſe appear. 
ance of the place of thoſe objects, and make us 
fuppoſe them in a different ſituation from that 
Phch they really have. Among theſe cauſes, 
REFRACTION is fo be reckoned. By this term is- 
meant, the bending of the rays of Hh as Uny 

aſs out of one medium into another, © © © 

7 he earth is every where ſurrounded by an 
heterogeneous fluid, a mixture of air, vapour, 
and terreſtrial exhalations, that extend to the 
regions of the ſky. * The rays of Ut from the 
fun, moon, and ſtars, in paſſing to a ſpectator 
upon earth, come through this medium, and are 
ſo refracted in their pafſage through ĩ it, that their 
apparent altitude is Gar te” elbe true | 
| rg 7 f e 

Let A 0. fig. 3, pie VIII. eel the firs 
face of the earth, I it's center, B P a part of =_ 
atmoſphere; I E K the ſphere of the fixed ſtars, 

F the ſenfible horizon, G a planet; G Da ray 
of light proceeding from the planet to D, where 
it enters our atmoſphere, and is refracted towards 
the line D T. which is perpendicular to the ſur- 
N 07 ES | 1 
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face of the atmoſphere ; and as the upper air is 


rarer than that near the earth, the ray is continu- 
ally entering a denſer medium, and is every mo- 
ment bent towards T, which cauſes it to deſcribe 
a curve as DA, and to enter a ſpectator's eye at 
A, as ifit came from E, a Point above G. And 
as an object always appears in that line 3 in which 
it enters the eye, the planet will. appear at E, 
higher than it's true place, and frequently above 
the horizon A F, when it's true place is below ir 
at G. 

Tbis refraction f is et at the horizon, and 
decreaſes very faſt as the altitude increaſes, inſo- 
much that the refraction at the horizon differs 
from the refraQtion at a very few. degrees above 
the horizon, by about one. third part of the 
whole quantity. At the horizon, in this cli 
mate, it is found to be about v3; In climates 
nearer to the equator, where the air is purer, 
the refraction is leſs; and in the colder cli- 
mates, nearer to the pole, it increaſes exceed- 
ingly, and is a happy proviſion for lengthening 
the appearance of the light at thoſe regions ſo re- 
mote. from the ſun. Gaſſendus relates, that 
ſome Hollanders who wintered in Nova Zembla, 
in latitude) 75%, were ſurprized with a fight of 
the, ſun 17 days before they expected him in the 

borixon. This difference was owing to the re- 
fraction of the atmoſphere in that latitude. To 
ale, : er with the peculiar 

obliquity 


— 
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obliquity of the moon's orbit to the ecliptic, ſume 
of theſe very northern regions are indebted for 


an uninterrupted light from the moon much 


more than half the month, and ſometimes almoſt 
as long as it is capable of affording 9 light to 


other parts of the earth. | 
Through this refraction we are favoured with 


the ſight of the ſun, about 3 minutes and ; before 


it riſes above the horizon; and alſo as much 


every evening after it ſets below it, which 1 in ohe 


| year amounts to more than 40 hours. 


It is to this property of refraction that we art 


alſo indebted for that enjoyment of light from 
the ſun when he is below the horizon, which pro- 
"duces the morning and evening twilight. The 
ſun's rays, in falling upon the higher part of the 
"atmoſphere, are reflected back to our eyes, and 
form a faint light, which gradually augments till 
ir becomes day. It is owifng to this, that the 
fun illuminates the whole hemifphere at once; 


deprived of the atmoſphere, he would have yiel- 


ded no light, but when our eyes were directed 
towards him; and even when he was in meridian 
ſplendor, the heavens would have appeared dark, 
And as full of ftars as on 4 fine winter's night. 
The rays of light would have come to us in 
trait lines, and the appearance and diſuppeurance 
of the ſun would have been inſtattanebus; we 
ſhould have had a fudder tranifii 
brighteſt ſun-ſhine, to the moſt profound dark- 
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neſs, and from thick darkneſs to a blaze of light: 
Thus by refraction we are prepared gradually 


for the light of the ſun, the duration of it's 


light is prolonged, and the ſhades of darkneſs 
ſoſtened. „ 5 | 

„ To: de ray attribute cher. curious 
phænomenon, mentioned by Pliny : for. he 
relates, that the moon had been eclipſed once 
in the weſt; at the ſame time that the ſun ap- 
peared above the horizon in the eaſt, Mæſtli- 
Nus, in Kepler, ſpeaks of another inſtance of 


dhe OR kind, which fell under his own obſer- 


. — 
vation. BC ee > A | 
” * $ | | $ ; es” ne 7 * 5 L - 4 


« 74 25 2 7 


or THE Seritlirts or Jorrres AND Sarvay, 


2 hecxiftence of the farellites of. any of the 


: ah except the moon, would have been un- 
. -known to us without, the uſe of the teleſcope. | 


The ſatellites are diſtinguiſhed: according t to their 


places, into firſt, ſecond, &c. the, firſt. being (4 
that which is. neareſt to the planet. From all 


the obſervations that, have been made on the 


ſecondary. planets, i it appears, 1. That, the ſatel; 


lites, revolve. round their primaries in elliptic 


orbits, the-primary planet being in the focus. 
2. That the planes of the orbits of the ſatellites. 
are inclined to the planes of the orbits of. their 


7 + — planets... 3. That, like the primary... 3 


Anet ee of het times of AH revolu- 
„ 42 I | „ „ Tk 4 r 
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tions, are as the cubes of the wean diſtances from 
1 primary plane. e, ol: 


The following table ſhews the time buli 
Pa each ſatellite in it's revolution; and alſo 


it's mean diſtance from the e, ne in 


4 


ſemi-diameters thereof. „„ 


Jvrirzx's SATELLITES. 
, , > Slee 
d. h. m. d. R. i, d. M . 
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large in itſelf; yet on account of it's immenſo 
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Te ſyſtem of Jupiter and his ſatellites is very 


i 


diſtance from is, it appears to occupy but a ſmall 


ſpace! in the ſphere. o che ſary heavens, ang. 


eonſequently every ſatellite of Jupiter appears to 
us always near it's primary,and to have an oſcil- 


latory motion, like that of a pendulum going 
alternately from it's greateſt digreſſion on one 
ſide the platiet, to it's greateſt on the other, 
— in a ſtrait 8 at e in an elliptic 


an | cx 
When 4 ateltire! is in 11 ſuptridr dakeacle. 


or that half of it s orbit that i is more diſtant from 
mme earth than Jupiter, it's motion appears 
: direct to us; when a ſatellite is in it's inferior 


ſemecircle, nearer to us than Jupiter is, the ap- 
arent motion of it is retrograde. Beth theſe 


5 e ſeem quickeſt, when the ſatellite is 
en the ter of the primary, and flower 


t; at the greateſt diſ- 


jance 3 appear een for a ſhort tinie. 
The ſatellites of Saturn tevolve about it in 


r 


almoſt the fame plane, namely, that of it's ring, 


excepting the fifth, the plane of whoſe orbit de- 


ate a Made therefrom: | Thoſe of Jupiter move 


alſo ing plane very nearly coincident with that in 
* Jupiter moves about the ſunn. 

- Fhe fareftires, and their primaries, mutually 
3 each other in the ſame manner in which it 
Ae ſhewnthat the earth and the moon do. 


: But has are hues caſes in which rhe 2 


diſappear to us. 
The one is, when the ſarellite is « direQly b he. 


hind the body of it's primary, with reſpect to the 
EARTH; this is called an OCCULTATION x of the 
planet. „ _ 
Another is, has it is s directly behind it's 
Primary, with reſpect to the suv, and ſo falls in- 


to it's ſhadow, and ſuffers an eclipſe, as the 


moon, when the earth is ns e between that 
. 0 the fun. 
The laſt is, when it is Ae 3 1 
earth and. it's primary; for then it cannot be 
diſtinguiſhed from the primary itſelf. - 5 
It is not often that a ſatellite can be diſcovered 
upon the diſc of Jupiter, even by the beſt tele- 


ſcopes, excepting at it's firſt entrance, When by 
reaſon of it's being more directly illuminated 
by the rays of the ſun, than the planet itſelf, it 


appears like a lucid ſpot upon it; ſometimes 
however a ſatellite ĩs ſeen paſſing, over the diſk 
like a dark f. ; this has been attributed to 
ſpots on the furkade of the ſatellice, and that the 
more probably as the ſame ſatellite has been 
known to paſs over the diſk at one time as a 
dark ſpot, and at another time to be ſo luminous 
as only to be dſtinguiſhed from the planet, at 
it's ingreſs and egreſs; The beginnings and en- 
dings of theſe eclipſes are eaſily ſeen by a tele- 
hg Vir the nies is in a Proper fituation ; 
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but when it is in conjunction with the ſur, the 
brightneſs of that luminary renders Dorn the | 


Pn: and ſatellite inviſible. 

By obſerving the eclipſes of Baker $ ſarel- 
tes, it was diſcovered that light is not propa- 
gated inſtantaneouſly, though it moves with an 


incredible” velocity; fo that light reaches from 


the ſun to us in the ſpace of eleven minutes 
of time, at more khan the rate of 1604060 _ 


in 1 Reh V! ?!? ait 


The orbits of al the fareUlites of wn, 2 
cept” tlie fifth, are nearly in the ſame plane, 


which plane makes an angle with that of Saturn's 
orbit, of about 31*; this inchnation is ſo great, 


that they canner paſs either acroſs Saturn er be- 


ind it, with reſpect to the earth, except when 
He are very near their nodes, ſo that their 
8 eclißſes Are net hear o frequent as thoſe of 


Jupiter. An becuftation of the fourth behind the 
body of Saturn has been obſerved,” and Caſſini 


onee ſa w/ ſtar covered by the fourth ſatellite, fo 


4hat for 13 minutes they appeared as one. 


Tney are ſo minute 58 not to be viſible unleſs 


the air is exceeding clear; Caffini obſerved the 
fifth ſarellite to diminiſh in ſie, as it went 
thrdugh che eaſtern part of it's orbit, until it 
became quite invifible, while: in the weſtern 
part it "increaſed in brighineſa until it arrived 


at it's greateſt ſplendor. In i og it was viſible | 


in _ your '6f a 8 5 through” the: lame tele- 
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1 29 


ſcopes that were often uſed before to diſcover, 


it without ſucceſs. - 


The Georgium Sidus is attended by two 
ſatellites ; the innermoſt j is ſuppoſed 0 perform | 
it's revolution in about eight days, ſeyenteen 
hours; | the ſecond in 1 3 days, eleven hours, | 
it's diſtance 33”; the ſecond ſatellite at it 5 great 
eſt viſible elongation f from it's $ Planet, and at the 
mean diſtance of the Georgium from. the carth, 
is 42 Fr greateſt diſtance 4423 : the facellites 
are probably not leſs than thoſe of Jupiter; ; 


there will be eclipfes of them i in I 799, A and 1818. 


ron & 


Or TEE r STARS: 778.2 * 


No part of the univerſe gives ſuch eplarged | 


ideas of the 7 and ie d. of == 


i P & S495 


admire indeed, with. propriety, the vaſt bulk of 
our own globe ; but when we conſider t how much 
it ĩs ſurpaſſeg by woft 0 of f the heavenly. odies, 
whe a point It. degenerates into, and ho, little 


more even the vaſt orbit, in which it revolyes 
would appear, when ſeen from, ſome of rhe. fixed, 


ſtars, we begin to conceive more juſt ideas of the - 
excens of dt vniverſs, and of the bounderies. — 


creation. e 4 1 1 511-63 


Among the many gin So £0 ew 


| the had. ſtars How 1 other E af. 


| heaven, 
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| heaven, that which i is afforded by their light, or 


pecuhar luſtre, is the moſt obvious. 
The light. of the planets is ſteady, becauſe it 


is reflected; that of the ſtars is bright and lively, 


and accompanied with a kind of vibration of light. 


which we call twinkling. This is ſuppoſed to 
ariſe from the nature of their light as intrinſic, 
and not received and reflected, and principally 


from the ſmallneſs of their apparent diameter. 


Our atmoſphere is full of innumerable little par- 
ticles, which are concinually floating i init; many 


of theſe are large enough, on coming between 


the eye and ſuch a point as a fixed, ſtar, to hide 
that point, or take that ſtar out of our view, by 
intercepting it's rays. But theſe atoms are in 
perpetual motion, fo that the ſtar is no ſooner 


did by one of them, than it appears again, be- 


cauſe the atom has changed it's place; then ano- 
ther comes, e intercepts the view: the 


©  Fwift ſucceſſion of theſe moving particles, greatly 
_ aſſiſts in cauſing that appearance which we term 


wwinkling. Or, it may probably ariſe from 
fomething in the eye itſelf, for we are continually 


miſting and clofing them, even when we are not 


_ conſcious of doing it, and a ſtar being but a 
point, the ſmalleſt motion of the eye is ſuffcient 

. to make us loſe it; perhaps the impreſſions : are 
Fo weak, as not to be able to keep the viſive 


Ne awake, except as it were * fits. . 


. 


The 
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The moſt conf] ſpicuous and brighteſt of the fixed 
ſtars of our horizon is Sirius. The earth, in 


anoving round the ſun, is 190 millions of miles 


nearer to this ſtar in one part of it's orbit, than in 
the oppoſite ; yet the magnitude of the ſtar does 
not appear to be in the leaſt altered, or it's 


diſtance affected by it ; ſo that the diſtance of he 


fixed ſtars is great beyond all computation. The 


' unbounded ſpace appears filled at proper diſtances 


with theſe ſtars, each of which is probably a ſun, 
with attendant planets rolling round it. In this 
'view, what, and how amazing, is the ſtructure 


of the univerſe! 


Though the fixed 4 ſtars are the - marks by 


which aſtronomers are enabled to judge of the 
| courſe of the moveable ones, and we have aſſerted 
their relative paſitions do not vary ; yet this aſſor- 
tion muſt be confined within ſome limits, for 
many of them are found to undergo. particular 
changes, and perhaps the whole are liable to ſome 


peculiar motion, which canneQs them with the 


univerſal ſyſtem of created nature. Dr. Herſchel 
even goes ſo ſar as to ſuppoſe that there is not, in 

- ſtrictneſs of ſpeaking, one fixed ſtar in the hea- 
vens; but that there is a general motion of all the 


7 Ty ſyſtems, and conſequently of. we folar one 


among the reſt. 


There are ſane Nars, whoſe ſituation and place : | 
| were heretofore: known, and marked with „ 
ciſion, that are vo longer to be ſeen; new ones 
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4, 


| have alto been diſcovered, that were unknown to : 
the ancients, while numbers ſeem gradually ro 
vaniſh. There are others which are found to 
have. a | periodical increaſe and deereaſe of magni- 
tude; and it is probable, thatthe inſtances of 
theſe changes would have been more numerous, 


| if the ancients s had 14 8 755 the fame accurate 


744 +37 


. "Li 


5 
New ſtars offer to the mind a eee 
more f ſurprizing, and leſs explicable, than almoſt 
any other in the ſcience of aſtronomy. I ſhall 
ſelect a few inſtances of the more remarkable 
Ones, for the inſtruction of the young pupil; 
conſideration of the changes that take' place, at 0 
Immenſe a diſtance as the ſtars are known to be 
from kim, f may cleyate his mind to conſicer the 
immenſir ty of. 11 8 ppwer, who regulates and 
governs all theſe wide extended motions; © who 
"hath mea ured © the Waters it in the hoflow Se; his 


hand, and meted'o out heaven vith: a Pan.“ 


0 1338 


* 


. be e his eye, on nature” 8 midnight face, 
The, MUST. ENR —Wöpat hand behind 


#4 


6h SIN 27 "EEE 107 Þ ! 343-4444 


$f 
V hat Arm, ALMIGHTY, put theſe. e 


W ap | 


"the chief of the ancient al Hronomers, Nat in- 
42 {6 HS " Ip 91 "763; 251 


duced hin to cc ec mpdſe "4 catalogue of the 
| fixed 
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Fixed ſtars, that future obſervers might, learn 
from his labours, whether any of .the known.ſta 


diſappeared, or new ones were produced. The 


fame motives engaged the illuſtrious | Tycho 
Brahe to form, with unremitting labour and 
aſſiduity, another new catalegue .of the ſtars. 
Of new ſtars, the firſt of which we ,have-a 
good account, is that which Was diſcovered i in 
che conſtellation Caſſiopea, in the menth of 
November of the year 157, à time when 
aſtronomy was ſufficiently cultivated, to enable 
che aſtronomers to give the account with pre- 
ciſion. It cemaiped viſible about ſixteen months; 
during this time, it kept it's place in the 
Hheavens, without the leaſt variation. It had all 
the radiance af the fixed ſtars, and twinkled like 


them; and Ns im all reſpects like Syrius, ex- 


cepting that it ſurpaſſed it in bright neſs and 
magnitude. It appeared larger than Jupiter, who 
; way at that time in ſhis nee en, 
Jeſs bright than Venus. + 
It was not- by As: Rs . xhis 
reed, but ſhane forth at once of it's full ſize 
and brighrneſs, as if of inſtantaneous creation. It 
continued about three weeks in full and entire 
e ſplendor, during uhieh time it might be ſeen 
even at noon day, by thoſe who had good: eyes, 
An knew where to look for it. Befare it had 
been ſcen A month;1it:- became, viſibiy ſmaller, 
. thence. cominued diminiſhing! in mag- 
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— till March, 1574, when it entirely difap- 


peared. As it decreaſed in ſize, it varied in 


colour; at firſt, it's light was white, and ex- 
tremely bright; it then became yellowiſh, after- 
wards of a ruddy colour, like Mars; and finiſhed 
with a * gs ee «art what: of 
R 

In 1596, Fabricius obſerved a new lar f in the 
5 of the Whale: he firſt ſaw i it in Auguſt, and 
it diſappeared in October of the fame year. In 
1637, Phocyllides 'Holwarda' obſerved it again, 
and not knowing that it had been ſeen before, 
took it for a new diſcovery :- he watched it's 


place in the heavens, and ſaw it appear again the 


ſucceeding year, nine months after it's diſappear- 


ance. It has been ſince found to be every year 
very regular in it's period, except that in 1672 


it was miſſed by Hevelius, and not ſeen again till 
1676. Bullialdus having compared together the 


obſervations which had been made of it from | 
1638 to 1666, determined the periodical time 


between this ſtar's appearing in it's ee 
brightneſs, and returning to it again, to be 333 
e obſerving further, that this ſtar did not 
appear at once in it's full magnitude, or bright- 
neſs, but by degrees arrived at them. - He alſo | 
. framed an hypotheſis, to Wen for 7885 e e 
eee . eh nb en N 3 
+ Three: changeable, ori:re-apparent key have 
| din: d iſcovered in the conſtellation of the Swan 4 
JJ. 8 
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the firſt was ſeen by Janſonius, in 1600; the 
ſecond was diſcovered in 1670; the third by 


Kirchius, in 1686. 


In the latter end of Wipers ack a new * 


ſtar was e near the heel of the right foot 
of Serpentarius. There were in that part of the 
heavens, at that time, the three ſuperior planets, 
vhich ſo engaged the attention of aſtronomers, 
that no appearance thereabouts could have long 
eſcaped them. Kepler, in deſcribing it, ſays, 


that it was preciſely round, without any kind of 
hair, or tail; that it was exactly like one of the | 


ſtars, except that in the vividneſs of it's luſtre, 
and the quickneſs of it's ſparkling, it exceeded 
any thing he had ever ſeen before. It was every 
moment changing into ſome of the colours of the 


rainbow, as yellow, Orange, purple, and. red ; 


though it was generally white, when it was at 
ſome diſtance-from the vapours of the: horizon. 
Thoſe in general who ſaw. it, agreed that it was 


larger than any other fixed 5 ſtar, or even any of 
the planets, except Venus * it preſerved it's luſtre 


and fize for about three weeks; from this time it 


| 2 grew gradually ſmaller. Kepler ſuppoſes that it 
diſappeared ſome time between October, 1605, 


and the February followingel bur on what day is | 


uncertain. 


Beſides theſe 3 and yon fo well 5 


characterized and eſtabliſned by the earlieſt 


1 en, aſtronomers, DEE? have been | 
many 
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many diſcovered ſince, by Caflini, Maraldi, and 
sthers Mr. Montanere ſpeaks of having ob- 
ſerved above one er an berge 51 
Ned ſtars. ie 10 2 a 
The ſtar eee Meduſa's wall Angle 
obſet ved long finde to appear of different magni- 
tudes, at different times. The period of it has 
been lately ſettied by J. Gœodrick, Eſq. of York. 
 Itperiodically changes fromthe firſt to the fourth 
magnitude; he time employed from one greateſt 
diminution to the other, was, anno 1783, at a 
mean 2 days, 20 hours, 49 minutes, 3 feconds. 
he changes are thus: during four hours it gra- 
Bually dimimiſhes in luſtre; during the ſucceed- 
ing four hours, it recovers it's firſi magnitude by 
a like gradual inereaſe; and during the remaining 
part of the period, namely, 2 days, 12 hours, 
49 minutes, 3 ſeconds, it invariably preſerves it's 
greateſt luſtre; after the! expiration of which 
rerm, the diminution again commences. 
The cauſes of theſe appearances cannot be 
__ igned at preſent, with any degree of proba- 
Sility ; perhaps they have ſome analogy to the 
pots on the ſun, which at ſome times appear in 
greater numbers than at others, ſome” of ther 
Digger than the Whole earth; or perhaps they are 
© owing to ſome real motions of the arr tem- 
feldes. 49 rf }f? A rephi * 1 5 5 i ; 
There ate Week flat that epplte Bite te 


Wen whiclare,” on examination with 
e 07 0 


3 5 5 3 3 3 EP 8 | 
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a tcleſcope, found to conſiſt of two, three, 8c 1 
The number of double ſtars obferved before * 1 
time of Dr. Herſchel, was but ſmall; but this ; [NY | 


celebrated aſtronomer has noted upwards of four 
hundred; among theſe, ſome that are double, 
others that are treble, double double, quadruple, 


double treble, and multiple; his catalogue gives 
the comparative ſize of theſe ſtars, their colour 


as they appeared to him, with ſeveral Ny 
"8 curious cyan VVV 
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| 5 we leave the ſubject of the # 1 
ve ſhall engeavour to give the reader an ac- 
Count of Dr. Herſchel's ideas of the conſtruction 
of the univerſe. Former aſtronomers had ſup- 
poſed that our ſun, beſides occupying the center 
of his oun ſyſtem, was alſo the center of the uni- 
verſe; and that the ſidereal heavens might be 
properly repreſented on the concave ſurface of a 
N ſphere: but theſe are ill adapted, fays the Doc- 
tor, for a delineation. of the interior, parts of the 
_ (Heavens, Being able to penet rate into theſe re- 
gions by means of large teleſcopes, we may 
. now! dae them as a naturalift NET a rich 
| „5 enent 


1 Ky Mr, Herſchet's obſervations, « on en this theory i is 
founded, were made with a Newtonian refletor; of 20 feet | 


"Focal length, and an axcrture of 18 inches. 
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extent of ground, or a chain of mountains, oon 
taining s rRATA variouſly IxcILIxED and DIRECT= | 
- £D, and compoſed of very different materials. 
He gives ſtrong. reaſons, deduced. from a ſeries 
of obſervations, as well as conſiderations, drawn 
from analogy, to prove that the viſible ſyſtem of 
nature, which we call THE UNIVERSE, conſiſting 
of all the celeſtial. bodies, and many more than 
can be ſeen by the naked eye, is only a group of 
ſtars, or ſuns, with their planets, conſtituting 
one of thoſe patches called a nebula; and this is, 
| perhaps, not one ten en part of the uni- 
Wie $6 1 
Mr. Herſchel FREY hes: "Mk large eſpope | 
completely reſol ved the whitiſh, appearance of 
the Via Lactea into ſtars. Having viewed and | 
guaged this bright zone in all directions, be 
found it compoſed of ſhining. ſtars, whoſe num- 
ber conſtantly increaſes and diminiſhes, in pro- 
portion to it's apparent brightneſs to the naked 
eye. There is, ſays he, no doubt, but that the 
Milky Way is a moſt extenſive ſtratum of. 7 
"WE various ſizes, and: that our ſun n is, one 
the heavenly bodies belonging to t. 7 1 
The portion of the Milky Way that! WY : 


e waß that about the hand and club of 
Orion; here he found; an aſtoniſhing multitude 
of ſtars, which the; attempted to. number: by 
eſtimating the number contained in the field of 


0 e 5 once, and ee from a 
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mean of theſe, how many might be contained 
in a given portion of the Milky Way, in the 

moſt vacant places, about that part, he found 63 
ſtars; other fix fields contained 110, 60, 70, 90, 
70, and 74 ſtars; a mean of thefe gives 79 for 
the number of ſtars in each field: ſo chat allow- 
ing 15 minutes for the diameter of his field of 
view, a belt of x5 degrees long, and 2 degrees 
broad, could not contain lefs than 5000 ſtars, 
large enough to be diſtinctly numbered; beſides 
which, he ſuſpecled twice as many more, which 
could be ſeen only now and then by faint 
glimpſes, for want of ſufficient ligt. 

It is very probable that the great ſtratum, 
called the MILEY war, is that in which the ſun 
is placed, though" not in the very center of it's 
thickneſs.” This is gathered partly from the ap- 
pearanct of the'galaxy, which feems to eneom- 
paſs the whole Heavens, as it certainly muſt do, 
it the fun is within the ſame, For, ſuppoſe à 
number of ſtars arranged between two parallel 
planes, infinitely extended every way but at 2 
given confiderable"diftance from each other, and 
calling this a 'SIBEREAL STRATUM, an eye placed 
ſomewhere within it, will Tee all the Mars in i the 
| direction 'of the planes of the ſtratum p. 5 


the reſt bebe heaven at tte fides, will only ſeen 


is be Teatibred over” Vith nn more or 


ea "circle,  Which*will appear lucid, on 
umülation of che ſfars; while 
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leſs crawded, according to the diſtance. of the 
planes, or, numbers of the ſtars, contained. i in the ; 
thickneſs or des of the. ſtratum. . - 
Thus in fig. 3. plate XIII. an eyes at S 5 
the Rparum. 4, 65 will. ke the, flars, i in the direc- | 
tian of it's length, a b, or height e ed, h together 
with ali hole in the intermediate ſituation, pro- 
7 jedcd.1 into the] lucid circle ABCD; While thoſe f 
in the tides, me no, will be ſeen ſcattered over | 
| the. remaining part of the. heavens, at MVNW. 
Let us now. ſuppoſe, that a branch, or ſmaller. 1 
ſtratuin, ſhould zum our, from the farmer in a 
certain direction, and let it alſa he contained be- | 
tween, 19, Parallel planes, (extended, infougly | 
onwards, but ſo;that che eye may be placed in, 
the Sende ſomewhere before the ſepa- 
ration, but nat far from ift place where the ftrata, 
_ are fill united f, this ſecond. ſiratum will not be 
prajcfied inco..a.. bright, Circle like the, former. 
but Will be een as 4 leid branch proceeding 
from, dhe Huſt, and returning to it at a 9 . 
- diftange4lels ghgo. 3 ſemicircle: Tho; in MX. 
tune figure, che far in Bhs fr ie 05 722 0 
will he prgjeded. icre a bright arch, ar PRRP, 
Aich afteg b x ſeparation from the ecke, be N 
wich it again. al F. 217 e * 1155 
ap Hh, EAR Perg e the. lr atum, | 
7 „ Seht ista, ie appearen 0 50 
WE ihin ,ewapld.athame. the, ſgre of 0 if 7 
_ ef te leder a N . e uh 
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he more or leſi N tis to the 
| diſtance of the eye i if this was exceedingly in- 


* creaſed; the whole ſtratum might at laſt be 
drawn into a lucid por of-any' ſhape, according | 
0 the pbſition, length; and height of che ſtratum, | 
What has been inſtanceck i ih Parallel planes,” may 
be eaſily applied to firata'irregulatly Bounded, | 


and running in various directions; and thus/any 
kind of curvatutes as Well as various degrees of 


brightneſs, may be produced ia the projectian- 


From appeutances, we may infer; that the ſun 
is placed in one of the grent ſtrata of the fixed 


ſtars, and very probably not fur from the place 


where ſome ſmaller ſtratum branches out from 


it,. 'Sueh-a ſuppofition accounts bor all the phe- 
nomen of the Milky Way with great cafe and 


fimplieity, while every ſtar in the qtratum will 
have it's own” galaxy, with only. ſuch variations 


in form and luſtre, as may ariſe from g i 


ticular ſiruntion.” 1 507 $0. FM e 518% ftv 


2 There is, ſays Dri Herſchel,'a n 5 


clearnefs and purity in the heavens, when we 


look out of. Gur ſtratum at the ſides, that is 


"Towards Leo, Virgo, and 3 


aver of the Nane e rronbled;iiss 5 
we approach towards the length or heigſit of i . 
Theſe troubled appearances are eaſily tu be: F. 
plains by aſcribing them to ſbme of tlie ii- 
"tant! t Rragyling Man, "alas ax, vin light 


enough by 
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. dnouph to be diſtinguiſhed; but when we look 
towards the pole of our ſyſtem, where the viſual 
ray does not graze along the ſide, : the ſtraggling | 
ſtars of courſe will be very few in number; and 
therefore the ground of the ee will 2 
5 wc purer and more clear. 9 
Mr. Herſchel points out the . hi | 
| by the ſun's place in the ſidereal ſtratum may be 
aſcertained, . but theſe. demand more previous 
knowledge than is to be ſuppoſed in the readers 


of an introductory work like the preſent. After 5 


this, he lays down ſome ſuppoſitions on the ſub- 
ject, taking a point of view at a very remote 
period of time, and an immenſe diſtance of 
ſpace; theſe for the ſame reaſon. we ſhall leave 
untouched, and proceed to his view of the hea- 
vens from gur own retired ſtation, in one of the 
planets, attending to a ſtar in it's great combina- 
tion with numberleſs others; and in order to in- 
veſtigate what will be the appearances from this 
 -<ontrafted as ler us pg "aſh the e 
0 955 
The God of the firſt 3 3 inal 5 
en the neareſt, will furniſh us with a ſtep 
to begin the ſcale. Setting off, therefore, with 
the diftance of Sirius or Arcturus; for inſtance, 
as unity, we ſhall at preſent ſuppoſe, that thoſe 
0 the ſecond magnitude are at double, thoſe of 
- the third at treble the diſtance, &c. Taking it 
a ur. . that a ſtar of the ſeventh 


ESE? TE + magni- 
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> rragnitude (the ſmalleſt viſible to. the naked eye) 


is about ſeven times as far as one of the firſt. 


It follows, that an obſerver Who! is incloſed in a 
globular cluſter of ſtars, and not far from the, 


center, will never be able, by his naked eye, to 


ſee to the end of it; for ſince, according to the | 


foregoing eſtimations, he can only extend his 
view to about ſeven times the diſtance of Sirius, 
it cannot be expected that his eyes ſhould reach 
the borders of a cluſter, which has perhaps no 
leſs than 50 ſtars in depth every where around 
him. The whole univerſe therefore, to an ob- 
ſerver confined to unaſſiſted viſion, will be com- 
| prized in a ſet of conſtellations richly orna- 
mented, with ſcattered ſtars of all ſizes. Or, if 
the united brightneſs of. a neighbouring cluſter. 
of ſtars ſhould, in a remarkably clear night, reach 
his ſight, it will put on the appearance of a wall, 
faint, whitiſh nebulouscloud, not to be perceived 
without the greateſt attention. Let us ſuppoſe | 
him placed in a much extended ſtratum, or 
branching cluſter of millions of ſtars: here the 
heavens will not only be richly ſcattered over 
with brilliant conſtellations, but a ſhining zone © 
or milky way will be perceived to ſurround the 


whole ſphere of the heavens, owing to the com- + 
bined light of the ſtars that are too remote to be 1 | 


ſeen; our obſerver” s light will be ſo confined, 
that he. will imagine this ſingle collection of 
Dy: he does not perctive the thous 
| N „ fandeh | 


[1 


N 1 
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4 


dandth part of them, to be the whole, contents 
of the heavens. Allowing him now the uſe of 
a common teleſcope, he begins to ſuſpect that 
all the milkineſs of the bright path, which ſur- 
rounds the ſphere, may be owing to ſtars: he | 
perceives a few cluſters of them in various parts : 
of the heavens, and finds alſo that there is a 
kind of nebulous patches, but ſtill his views are 
not extended to reach ſo far as to the end of the 
ſtratum in which he is ſituated; ſo chat he looks 
upon theſe patches as belonging to that ſyſtem 
which, to him, ſeems to comprehend every 
celeſtial object. It now increaſes his power of 
_ viſion; and applying himſelf, to a cloſe obſer- 
vation, finds that the Milky Way is indeed no 
other than a collection of yery ſmall ſtars: he 
perceives that, thoſe objects which had been 
called nebulæ, are evidently nothing but cluſ- 
ters of ſtars; ; low number increaſes upon him; 
and whilſt he reſolves one nebula into ſtars, he 
diſcovers ten new ones that he cannot reſolve. - 
le then forms the idea of immenſe, ſtrata. of _ 
fixed n af clier of Win gn of . 8 till 
5 ſoon: nde Ts all . appearances ani; oo 
the confined ſituation in which we are placed. 
Coxrixzp i it may be juſtly, called, though con- 


ttc,ined in no ſmaller a ſpace than what appeared 
before to he the whole region of fixed ſtars, but 95 
2h which How: 4. med FRE: ſhape of a crookedly | 


; rod, e 


1! 
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branching nebula; not One of the leaſt, but 
probably very far from being the moſt conſider- 


able, of thoſe numberleſs cluſters that enter into 


the conſtruction of the heavens. Dr. Herſchel 


confirms theſe ideas by a ſeries of obſervations,” 


and thinks it will be found upon the whole, that 


this view, with all it's conſequential appearances, 
as ſeen by an eye incloſed in one of the nebulz, 


is no other than a drawing from nature, wherein 95 
the features of the original have been cloſely 


copied; and Dr. Herſchel hopes the reſemblance 
will not be called a bad one, when it ſhall be 
conſidered how very limited muſt be the pencil 


of an inhabitant of ſo ſmall and retired a ſpot of 
an indefinite ſyitem, in attempting the i 


; of ſo unbounded an extent. | 


In the moſt crouded parts of the Milky Way, : 


1 has had a field of view of 588 ſtars, and theſe 


continued for many minutes; ſo that in one 


quarter of an hour s time, not leſs than 1 16,000 
ſtars haye paſſed through the field of his tele 


| _ ſcope: he endeavours to ſhew, that the powers, 
„ * of bis teleſcope are ſuch, that it will not only 
4 reach the ſtars at 497 times the diſtance of 

Sirius, ſo as to diſtinguiſh them, but that it alſo 


5 ſhews the united luſtre of the accumulated 
| ſtars that compoſe a milky nebuloſity at a far 
| greater diſtance. From theſe conſiderations, it 


is highly probable, that as his 20 feet teleſcope 


dhe not they ſuch a nebuloſity” in the May 
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. Way, goes already far beyond it's extent, and 
therefore a more powerful inſtrument would re- 


move all doubt, by expoſing a milky nebuloſity 


beyond the ſtratum, which could then no longer 


be miſtaken for the dark ground of the heavens. 
© To the foregoing arguments, we may add the 
following, drawn from analogy; Dr. Herſchel 
ſays, that among the great number of nebulæ 
Which he has already ſeen, amounting to more : 
than 900, there are many, in all probability, 
equally extenſive with that which we inhabit ; 
and yet they are all Teparated from each other 
by very conſiderable intervals. Some, indeed, 5 


there are, that ſeem to be double and treble; 


and though! with moſt of them it may be, that 
they are at a very great diſtance from each other, 7 
yet he does not mean to ſay that there are no 
ſuch conjunctions; though there may be alſo ſome _ 
_ thinly ſcattered ſolitary flars, not yet drawn into 
ſyſtems; their number cannot be very conſider- 
able: a conjecture that is abundantly confirmed, 

in ſituations where the nebulæ are near enough _ 

to have their ſtars viſible; for they are all Inſus7”. / 
' lated, and generally to be ſeen upon a very clear 


and pure ground, without any ſtar near them, 


that might be ſuppoſed to belong to them: and 
chough they may be often ſeen in beds of ſtars, 
yet from the ſize of theſe ſtars, we 'may be certain 
hat they are much nearer to us than thoſe ne- 
ule, and belong undoubtedly to our own ſyſtem. 3 
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Taz ORIOIN OF NEBULOUS STRATA. 


Dr. Herſchel thinks the nebula that we in- 
habit, has fewer marks of profound antiquity. 
upon it than the reſt; having previouſly ſup- 
poſed that the condenſation of cluſters of ſtars 
is to be aſcribed to a gradual approach ; the 
number of ages that muſt have paſt before ſome 


of the cluſters could be ſo far condenſed as they 


are at preſent, makes him naturally aſcribe a 
certain air of youth and vigour to many very re- 
gularly ſcattered regions of our ſidereal ſyſtem. 
There are many places, where he aſſerts that 


chere is reaſon to believe, that the ſtars, if we 


may judge from appearances, are now drawing 
towards various ſecondary centers, and will, in 
time, ſeparate into different cluſters, ſo as to 
occaſion many ſub-diviſtons. Our ſyſtem, after 
numbers of ages, may be divided fo, as to give 
riſe to a ſtratum of two or three hundred ne- 
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ors: parts of our ſyſtem ſeem to have 8 
ſuſtained greater ravages from time than others: 


in the body of the: ſcorpion, there is an open- 


ing, or hole, which is e e to this 
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A PERFORATED Es OR Rio or STARS. 
"Along the W h of the heavens, heals 
be placed a nebula that has a regular concentric 
0 dark ſpot in the middle, and is probably a ring 
of ſtars; it is of an oval ſhape; in the northern 
fide 3 very faint ſtars may be ſeen, as alſo. one : 
or two in the ſouthern : the vertices of the 
longer axis ſeem leſs RE: and n not ſo well de- 6 Yi 
ay as the reſt.” e V . | 
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pearance, which renders it difficult to claſs them. 
Their light is ſo uniform and vivid, the diame- | 
ters ſo ſmall and well defined, as make it impro- 
| bable that they ſhould be common nebulz: if- 
nebulz; they muſt be compreſſed, and con. 
denſed in the higheſt degree. „ 
Though the words CONDENSATION and; — ] 
often occur in the foregoing extract, we are by. 
no means to infer that any of the celeſtial bodies, 
5 in our nebula, are nearer to one another than 
we are to Sirius, whoſe diſtance is ſuppoſed to 
be not leſs than 38 millions of millions of miles. | 
The whole extent of the nebula being, in ſome 
places, near 500 times this diſtance, muſt be : | 
ſiuch, that the light of a ſtar V 
. e it to fly with the * | 
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of 12 millions of miles every minute, muſt have 
taken near 3000 years before it could reach us. 
Theſe immenſe ſpaces, theſe numerous hoſts 
of ſyſtematic univerſes, are probably connected 
the one with'rhe other. Like ſo many immenſe 
circuſes, by the mutual contact of their circum- 
ambient ſpheres, they preſs each other: theſe 
aereal atmoſpheres being alſo connected and in- 
terwoven together by an infinity of inſertions, 
conſtitute a cdleſtial ſphere, which is again 
linked with others, till by an infinity of orbs 
they obtain a form, which is the origin and 
pattern of all forms, in which all the variegated 
__  fidereal revolutions harmoniouſly concur to one 
I and the ſame end; that of mutually ſtrengthen- | 
. ing and eftabliſhing/e each other, Ne chromo] a 
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-\ PLANETS. | 


as „The obſerbarides which might with fullneſs 

: WW evident confirm the opinion of planetary + | 

F * worlds, ſeem to be placed out of our reach, and 
vue can ſcarce hope to make our optical inſtru- 
ments ſufficiently | erfect, to render the inhabi- 
tants thereof viſible to us. All, therefore, that 

we can do, is to examine if the planets are 

| | accommodated with thoſe things which we H 

„ue confider'ss neceſſary to animal exiſtence. 
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or body of air, are  objeQts that we may expect to 
. "find on the face of an habitable world.” 8 

By means of the teleſcope, we are ad. 
in ſome meaſure, to aſcend into the celeſtial 
75 region, and view the ſun, moon, and ſtars, as 
they would appear to us if they were brought 0 
To many times nearer io us as the teleſcope 
magnifies; the light proceeding from the lumi- 
nary we are looking at, being diminiſhed i in the 
ſame proportion. a 
The teleſcope is one of hoſe. aan of ; 
which no idea could have been formed, previous 
to the period in which the Supreme Being was 
pleaſed to unveil to the human mind ſome of the 
myſterious powers of glaſs :- the importance of 
this diſcovery, and the extent to which it may be. 
carried, till lie hid among the ſecrets of infinite 
wiſdom... At ks! by this inſtrument more than 
by. any other, that we have been led onward 
in our advances towards a perfect knowledge 
5 of the heavenly bodies, and that aſtronomy 
8 has been raiſed from little more than a nen . 
of ſtars, into a ſcience. Pe I . 
When we look at the ſun thro! 20 a 8 1 88 
even of moderate power, the eye being defended. | 
by a piece of coloured or ſmoked. glaſs, nay, even 
by the naked eye, when guarded i in the lame man- 
ner, we diſcover on his ſurface many black, or 
| rather. cſs. bright ſpots, of Various ſizes and 
= Þ noms en . n wap; vaniſn in a 


ae 
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a very ſhort time after their firſt appearance; 
ſometimes they travel over his whole diſk, or 
viſible ſurface, from weſt to eaſt, when they 
- diſappear, and in twelve or thirteen days they 
appear again, ſo as to be known, by their 
magnitude and figure, to be thoſe that had diſ- 
appeared before. Thoſe, however, which are of 
the. longeſt continuance, do not appear to have 
much ſolidity of conſiſtence, for in a little time 
they alſo vaniſh, and become wan like the reſt 
of the ſurface, 3 


The ſpots are more e at ſome che 5 
than at others; in ſome years, the ſun's diſk has 


for many months been perfectly free from them; 
in others, he has for months. been more or leſs 
obſcured by ſpots: the moſt remarkable phæno- 

mena of theſe ſpots, as obſerved by Scheiner and 
Hevelius, are as follow: 1. Every ſpot, which 


has a nucleus, or dark part, hath alſo an 2 
or fainter ſhade, ſurrounding it. 2. The 


boundary betwixt the nucleus and * is al- 


ways diſtinct and well-defined. 3. The increaſe 


of a ſpot. i is gradual, the breadth of the nucleus 


and umbra dilating at the fave time. 4. In like 


3 manner, the decreaſe of a ſpot is gradual, . the 


breadth of the nucleus and umbra diminiſhing 
at the ſame time. 5. The exterior boundary ofthe 


umbra never conſiſts of ſharp angles, but is al- 


ways curvilinear, how.irregular ſoever the outſide 
of the nucleus may be. 6. The nucleus of a 
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8 was to him as that of a piece of ice; when daſhed: 
on a frozen: pond, which pars e e and | 
flides i in 'various directions. 185 ; 330 #56 STA: 
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ſpot, whilſt" on the decreaſe, often changes it's 


figure, by the umbra incroaching irregularly 


upon it, inſomuch that in a ſmall ſpace of time 
new incroachments are diſcernible; whereby the 


boundary between the nucleus and the umbra is 
perpetually varying. 7. It often happens, that 
by theſe incroachments the nucleus of a ſpot is 
divided into two or more nuclei. 8. The nuclei 


| of! the ſpots vaniſh before the umbra. 9. Small 
umbræ are often ſeen. without nuclei. © 10. A | 


large umbra is ſeldom ſeen without a nucleus i in 


the middle of it. 1 1. When a pot, which con- 
| ſiſted of a nucleus and an umbra, is about to dil- 
appear, if it be not ſucceeded by a facula, or 


pot, brighter than the reſt of the diſk, the 


1 8 place it cecüpied i is in a erh liclet time 1 not to obe 
| perceived. - 


4 


In the IPO 5015 kv. the reader wat 


The latter gentleman fays, he once law, with a 
twelve. inch reflector, a ſpot burſt- to pieces, 
while ih was looking at ff the ſun; the appearance 


The ſpots are by no el enfinks to one - 


| of the ſun's "oi, though we do not know that 
any have been obſerved about his is polar regions. 
Th buen their Arden is from caſt to'weſf, yet 


e is , me 


10 


ah 5 ſind ſeveral chrious obſervations on Theſe ſpots, i 
by Profeſſor Wilſon, and the Rev. Mr. Wolaſton. | | 
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chi paths they deſcribe in their courſe 'over the 
diſk, are exceedingly different, ſometimes being 
in ſtrait lines, ſometimes in curves; at one time 
deſcending from the northern to the ſouthern part 
of the diſk, at other times aſcending from the 
ſouthern to the northern part. | 

The larger ſpots, moſt of which exceed the 
whole earth in apparent magnitude, laft a con- 
ſiderable time, ſometimes three months before 
they diſappear, at which time they are generally 
converted into ſpots exceeding the reſt of the ſun 
in brightneſs. The general opinion concerning 
their nature is, that they are volcanoes, or burn- 
ing mountains of immenſe ſize; and that when 
the eruption is nearly ended, and the ſmoke diſ- 
ſipated, the fierce flames are expoſed, and appear 
as luminous ſpots. D. Wilſon ſuppoſes them, 
an the other hand, to be excavations in the Iu- 


minous matter (or atmoſſ 9 that « environs s the | 


boch of the: e ants of wu 3 


The diameter of a ſpot near we 1 of 35 | 
, diſk, is meafured by comparing the time it takes 
in paſſing over a croſs hair in a teleſcope, - with. 


the time whereinthe whole diſk of the ſun paſſes 


| over the ſame hair. It may alſo be meaſured. 
buy a micrometer; Hevelius obſerved a ſpot that 
roſe, and vaniſhed, in 16 or 17 hours. None have 
been obſerved to continue longer than 70 days, 
Wenne look at rag Moon with . naked 
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eye, we diſcern a great number of irregular 
ſpots on her diſk, diſtinguiſhed. by their dark, 
colour from the brighter or more glaring parts; 
but when viewed through a teleſcope, their num- 
ber is prodigiouſly increaſed ; and it is perceived, 
that many of theſe appearances are occaſioned by 
| vaſt obſcure pits or {cavities, and elevations or : 
mountains. The ſpots i in the moon always keep 
their places, not being moveable like thoſe of 
the ſun. Sometimes more or leſs, of the north- | 
ern, and ſouthern, and eaſtern, and weſtern, part l 
of the diſk is ſeen, which i is MPS. to what is „„ 
called her libration. . | | 
Theſe mountains and cavities a are 3 be 5 | | 
7 moch, from the ſhadow they caſt. In the firſt aaqcg _ 
ſecond quarters, when the light of the ſun falls | 
5 9 upon them, the elevated parts caſt a 
triangular ſhadow on the ſide oppoſite to the ſun; _ 
ben with reſ] pect to the cavities, theſe have 
that ſide which is oppoſite to the ſun illuminated, „ 1 
and that which is next the ſun is dark andob- | 
ſeure, the ſame as would happen to a n 
baſon, placed on a table at ſome diſtance from a 8 
Candle, in a room where there is no other light. (on. 
The ſhadows ae as Me ſun. becomes more 
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ſide of the moon, though ſtill with the ſame 
diſtinction, namely, that the mountains are dark 
and ſhady on the tide fartheſt from the ſun, and 
the pits are dark on the ſide next the ſun. 

The full moon is a very pleaſing fight through 
a teleſcope, and has a great variety of luſtre and 
colour; but it is not the face on which to diſcover 
the mountains, theſe are beſt ſeen at the increaſe 


or decreaſe; for beſides the evidence derived 


from the ſhadows, we may then ſee the tops of 
| theſe mountains catching the rays of the ſun be- 
fore they reach that part of the ſurface on which 
their bottoms are placed. | | 

On April 19, 1987, Dr. Herſchel obſerved 
FED appearances on the ſurface of the moon, 
which, judging by analogy from things perceived 
here with us, he thought he might term-volcanoes. 
Three of theſe he obſerved in different. places of 


the dark part of the moon; two of them ap- 


peared nearly extinct, or going to break out ; the 


third, as an actual eruption of fire, or luminous 
matter. On the 20th it burnt with greater vio- 


lence, and might be eomputed to be about three 


miles in diameier; the eruption reſembled a : 
piece. of burning charcoal, covered by a thin 


coat of white aſhes; all the adjacent parts of 
the volcanic mountain were faintly illuminated 
by the eruption, and were gradually more ob- 
ſcure as they lay at a greater diſtance from the 
crater. Dr. Herſchel had, in 1783, obſerved 
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an eruption, ſomewhat ſimilar to that of the 


foregoing volcano. © Indeed an appearance of 
this. kind had been ſeen before, by Don . Ulloa, 
in an eclipſe of the ſun. It was a {mall 


bright ſpot, near the margin of the moon, which 


he ſuppoſed to be a hole with the fan” $ . 


e through it. 
That the moon is uae. PE an 'atmo- 


Ker; is rendered probable by many obſerva- 


tions of the ſolar eclipſes, in which the edge 


or limb of the ſun was obſerved to tremble 


Juſt before the beginning. The planets are 
likewiſe obſerved to change their figure from 
| round to oval, juſt before the beginning of an i 
occultation behind the moon, which can be at- 
tributed to no other cauſe than that their n 
"ps refracted dy being ſeen through the moon's 
| atmoſphere. bat we ſee no clouds, will not 
appear furpriaid g. if we conſider that the lunar _ 
days and nights are thirty times as long as 
our's; it will be eaſy to conceive, that with 7 
them the phenomena of vapours may be very 
different from what they are with us; perhaps 
- .. Their clouds and rain, if any, may be condenſed 
| inte viſible quantities only during the abſencdte 
18 of che ſun, and of f courſe when is xp be 1 
10 iovifible to us. ö | | 
| Mercury poke: at all times near 1 — 
we can only diſtinguiſh by the teleſcope a 
5 variation of TM” Tone, 8 is ſometimes 


dat 


75 
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that of a half moon, ſometimes a little more or | 
leſs than half. 2595 at 

Venus, whid 5 in- ihe form of A: FR and 
at her brighteſt times, affords a more pleaſing 
teleſcopic view than any other of the heavenly; 


bodies; her ſurface. is diverſified with ſpots, 


like thoſe of the moon; by the motion of 
theſe, the time ſhe takes up in revolving upon 
her axis is diſcovered. With a powerful tele- 
ſcope, mountains like thoſe in Pat: moon ad : 
be ſeen. 11:7 e 
Mars appears ma 1 and full, ce | 
at the time of the quadrature, when it's diſk 
appears like that of the moon about three days 
after the full. By the ſpots which are ſeen on 


1 ſurface, ir s diurnal. revolution has been 


aſcertained.. From it's characteriſtic ruddineſs, 
and from other phænomena, it has been ſup- 
Poſed that it's atmgſphere is nearly of the 
ſame denſity with our's. Dr. Herſchel has 

obſerved two white. luminous circles ſurroun- 
ding the poles of this planet; theſe are ſup- 
| oy to ariſe from _- ſnow 5 ins . ſs 


5 os $f EX 
# 


The appearance - of cha 1 a claſs 


+ opens a vaſt field for ſpeculative inquiry. The 
ſurface is not equally bright, but is diſtinguiſned 
by certain bands, or belts, of a duſkier colour 

than the reſt of the ſurface, running parallel to 


cach other, and to che plane of it's orbit. They 
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a 


are not . or conſtant in their appearance; 


ſometimes only one is ſeen, at other times eicht 


have been ſeen; their breadth is likewiſe varia- 
ble, one belt growing narrow while another in 
it's neighbourhood becomes broader, as if one 
had flowed into the other; in this caſe an 
oblique belt has been obſerved to lie between 
chem as if for the purpoſe of forming a com- 


munication. Sometimes one or more · ſpots 


are formed between the belts, which increaſe 
till the whole is united in one large duſky band. 
There are alſo bright ſpots to be diſcovered on 


: Jupiter's ſurface; theſe are rather more per- 


manent than the belts, and re- appear aſter une- 
qual intervals of time. The remarkable ſpot, by 


wuhoſe motion the rotation of Jupiter on his axis 
was aſcertained di ſappeared in 1694, and was not 


ſeen again till 1 798, when it re-appeared exactly 
in the ſame place; and has been occaſionally ſeen 
ever ſince. The diſappearance and re-appearing 
of the ſpots is not ſo wonderful as the changes 


that have been obſerved in the belts; the elder 
Caſſini ſaw one evening five belts upon the 
planet, but while he was viewing them, they 
| underwent the 'moſt ſurprizing change. In an 


hour from their fulleſt appearancethere remained 


only three out of five, and one of theſe ſcarce 
perceptible. The moſt remarkable teleſcopic 
appearance of this planet, are the ſatellites, bur 


theſe are panticulalyQeſeribediinder the head of 


SATELLITES, . Though , 
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- Though the great diſtance of the planet Saturn, 
and the tenuity of it's light, do not permit us to 


diſtinguiſh the varieties of it's furface; yet ſome 
of the firſt diſcoveries made by the teleſcope were” 


on this planet, and the ring is ſtill one of the 


moſt curious phænomena we are acquainted : 
with. There is not, indeed, any thing in the 
whole ſyſtem of nature more wonderful than this 


ring, which appears nearly as bright as any n : 
of the ſurface of the planet: by what means it is 


ſuſpended, or by what law ſupported; whether it 


is only a bright but permanent cloud, or whether 


it is a vaſt number of ſatellites diſpoſed in the 
ſame plane, whoſe blended light gives it to us the 
form of one continual body, we can only form 


crude conjecture. M. Meffier has obſerved on 


the anſes of this ring, ſeveral luminous” white: 
einne PORE, bers in ens 


Sometimes our eye is in the HE of the ring; 
and then it becomes inviſible : as it's plane al- 
ways keeps parallel to itſelf, ir diſappears twice 


5 in every revolution of the planet, chat is, about 
onde in 5 years; and he ſometimes appears quite 


round for nine months together. At other times 


ar Aiſtance betwixt the b body of the planet and 
the Ying is very perceptible, inſomuch that Dr. 


When a Saturn Sons round, if our eye be in the 


156 | Oo 5 IR plane : 
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plane of the ring, it will appear as-a, dark ne 
acroſs - the middle of the planet's diſk; if the- 
eye be elevated above the plane, a ſhadowy belt 
will be viſible ; when the plane appears, the ring 
next the body is the brighteſt ; when the ring 
- appears of an elliptical form, the parts about 
the ends of the largeſt axis are called anſæ. 
Theſe, a little before and aſter the diſappearing 
of the ring, are of unequal magnitude. It has 
been ſuppoſed that the ring 2 a rotation round 
an axis. „ Os. 
With very 18 e e two belts 8 
been diſcovered on Saturn, which appear parallel 
to that formed, by the edge of the ring theſe, are 
ſuid to be permanent; Caſſini and Fatio perceived 
. bright. ſtreak upon Saturn which was not 
being viſible one day, diſappearing 
TS hen another came into view near the 
edge of his diſk. Beſides theſe there are it's five 


N 3 a eke under their proper Nad. UE 


0 Ry rae "Or Couers. 3 


ee are a a kind of ſtars, appearing a5 unex- 
Red times in the heavens, and of singular and ; 
bee. figures, deſcending. from far * diſtant part 
f che ſyſtera, with great rapidity, furprizing. us 
;  lingular-appearance of a train, or tail a 
and aſter 2 hort ſtay, are carried off to diſtant 
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They were imagined in ancient times to be 
prodigies hung out by the immediate hand of 
God in the heavens, and intended to alarm the 


world. Their nature being now. better under 


ſtood, they are no longer terrible. But as there 
are ſtill many who think them to be heavenly 
warnings, portents of future events, it may not 
be improper for the tutor to inform his pupil, 
that the Architect of the univerſe has framed 
every part according to divine order, and ſub- 
jected all things to laws and regulations: that he 
does not hurl at random ſtars and worlds, and 
diſorder the ſyſtem of the whole glorious frame, 
to produce falſe apprehenſions of diſtant events, 
fears without foundation, and without uſe. Re- 
ligion glories in the teſt of reaſon, of knowledge, 


and of true wiſdom ;'it is every way connected 


with, and is always elucidated by them. From 


philoſophy we may learn, that the more the 


works of the Lord are underſtood, the more he 
muſt be adored; and that his ſuperintendancy 
over every portion is more clearly evinced, and 
more fully expreſſed by their unvaried courſe, 
than by ten thouſand deviations. ' ; 

. The exiſtence of an univerſal connection he- 
tween all the parts of nature is wy; generally 
allowed. Comets undoubtedly form a part of 


this: great chain; but of the part they occupy, 


and of the uſes for which they exiſt, we are 
N ignorant. It is a portion of ſcience whole 
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e is reſerved for ſome diſtant day Shen | 
theſe bodies and their vaſt orbits may, by long | 
and accurate obſervation, be added to the known 
parts of the ſolar ſyſtem; when aſtronomy will 
appear as a new ſcience, after all puma age 
ert as we at preſent imagine them to be. 
Ihe aſtronomy of comets is very aper 
for but little can be khown with eertainty, where 
but little can be ſeen. Comets afford few obſer- 
vations on which to ground conjecture, and are 
for the greateſt. part of their courſe beyond the | 


meteors.in/the air is plain, becauſe they riſe and 
ſet in rhe ſame manner as ihe moon and ſtars; 
they are called comets, from their having a long 
tail ſomewhat reſembling the appearance of 
hair; ſome however have appeared without this 
appendage, as. well enes; and RIO as 
Feet, „ e e | eee 
n e 0 7 ofed; 20 Rae are r 
e making part of our ſyſtem, revolving 
; round the ſun in extremel y.long elliptie curves; 
5 that as the orbit of a comet is more or leſs 
| excentric, the diſtance to which they recede from 
the ſun will be greater or leſs. Very great 
difference has been · ſound by obſervation in this 
reſpect, even ſo great, chat the ſides of the ellip- 
tic orbit in ſome caſes degenerate almoſt; into 
right lines. They are very numerous i; 450 are 1 
fur oled to bi. 10 our dolar- ſyſtem. 
by Q | | That 
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That thoſe comets which go to the greateſt 


diſtance from the ſun, kee neareſt, „ 


1 their return. (49 
Their motions in the d are not all direct. 


or according to the order of the ſigns, like thaſe 


of the, other. planets. The number of thoſe which 
move in a retrograde manner, is nearly equal, to 
thoſe whoſe motion is direct. 5 
The orbits of moſt of them are anctined.; in very 
een angles to the plane of the ecliptic. 


be velocity with which they move is variable 


| in every part of their orbit; when they are near : 


the ſun, they move with incredible {wiftneſs; | 


hen very remote from him, their motion is in- 


ebase flewy!: og HTO Doorn 
When they appear, they come in a « dire line 
ö [edi the fun, as if they were-going to fall into 
his body; and after having diſappeared for ſome 
time, in conſequence of his extreme brightneſs, 
they fly off on the other ſide as faſt as they came, 
continually J0fing their ſplendor, till at laſt they 
- totally diſappear.” 'Theirapparent magnitude is 


very different, ſometimes ſeeming not bigger than 


"the fixed ftars, at other times equal in diameter 
to Venus: Hevelius obſerved one in 1652. Which 
ds Hot inferiorito the moon in ſize, though not 
ſo bright; it's light pale and dim, its bo ea 
dial 20 bs 28851 WIA ** $154; „ 
num der of bote are ſeen 1. wwe 
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Hite x; and are generally inviſible at a ſmaller diſ- 
tance than that of Jupiter. Mr. Brydone ob- | 
| ferved one at Palmero, in July 1970; which, in 
24 hours, deſcribed an arch in the heavens up- 
wards of 50 degrees in lengrh; fo that if it was 
far diſtant from the ſun, it muſt have moved at 
the rate of bp. of 60 nn of miles wh a 
du. - 1 . 
They differ al win form flo: he other 8 
conſiſting of a large internal body, which ſhines | 
with the reflected light of the ſun, and is encom- 3 
paſſed with a very large atmoſphere, apparemly _ 
of a fine matter, much reſembling that of the 
Aurora Borealis; this is called the head of the 
comet, and the internal part the nuclrus. When 
a comet arrives at a certain diſtance ſrom the 
ſun, 3 ariſes ne ic, Wen 18. realled 
the tail. „ Ny 
The tall os always directed t to Sn _ x of the, 
3 which is directl vor nearly oppoſite to 
| the fun, andi is greater, and brighter, aſter the 
| | comet has paſſed its peribelium, than in it's ap- 
1 proach-to its being greateſt, of all when it has 
juſt paſt the perihelium. The tail of the comet 
ot 1680 was of a prodigious ſize, extending from 
RR. - head to a diſtance fearerly Zafer abarot 
1 the ſun from the earth. e 
1 No ſatisſactory eee ho book dae 
| conceraing * e That net hein which 3 
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imagine that it is the rarer atmoſphere of the 
comet impelled by the ſun's rays, Others, that 
it is the atmoſphere of the comet, riſing in the 
ſalar atmoſphere by it's Tpecific levity ; while 
 mthers imagine that it is a phenomenon of the 
ſame kind with the aurora borealis ; and that this 


earth would appear like a comet to a 9 


a bn in another planet. 

The number of the comets is 8 very 
great, conſiderably beyond any eſtimation that 
might be made from che obſervations we ox 
| e | 

There are,“ who doi Rot chink the preſent aſd: 
noms of comets well eſtabliſhed; and that as ſo 
many ſmall ones are frequently ſeen, they think 
that nothing can be determined with certainty, 
till ſome betier marks are diſcovered. for diſ- 
tinguiſhing one from another, than any at pre. 
ſent known; and that even the accompliſhment 
of Dr. Halley's prediction is uncertain: for it is 
very ſingular, that out of four years, in which 
three comets appeared, the only one, in which 


no comet was to be ſeen, ſhould be that, very 


year in which the greateſt aſtronomers. that. ever 
exiſted; had foretold the appearance of one; and 
in accounting for it's non-appearance, Mr. Clai- 
. rault wWauld have been equally ſupported by 
cometic en er: he had N 
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Sy the action of Jupiter and (SINE ever 
appeared in 175%, as well as in 1556, and _ 


det to have been retarded or accelerated 


he determined the retardation of the comet to 


de twice as great as he did, another appeared in 


1760 to have verified his neee Au e 
1 21 7 241 1 © . 6 MER 4 


Or a PLozauITy 95 Wosz vn 


. ua ws | f 
115 al 


* Thie fixed ſtars are generally ſuppoſed to bo 
of the ſame nature with bur ſun, each of them 


tended by planets, which are inhabited by ra- 


tional creatures like this earth. + oc 


AInſtead, therefore, of one ſun, and eee 


: we find that the” region of unbounded ſpace is 
2 With ſuns, and ſtars, and worlds! This 


mon has been held and taught by many of tie 
ec "philoſophers and aſtronomers, 


; [9 


5 both in ancient and modern times: in this view 
5 of things] dür ſyſtem refen' 
of ſome ond ſpecies of being in outward nature, 


Je a ſingle individual 


vals; \ by 


Biverfified-from all it's fellow) indivi- 


differences uneſſemial to the kind and ſpecies ; 
büt Which conſtitute that mn which ne | 


from uniformity amiaft variety.” (ALA; 187 


Tlhat che fixed flars ate ſuns; tet by wer | 
awn light, is probable,” on account of their im- OY 
menſe diſtance fromm us; for as it is impoſſible 


that's at theſe diſtances they could be ſeen. bx any 


reflection of light from the ſun, it is natural to 
- . then eee over ol eminting 


| ASTRONOMICAL) ESSAYS, 217 
Vght ron their own bodies. By comparing the 


apparent diameter of objects at different en. | 


it is clear that our ſun would appear like a. ſtar 
were he remoyed to che diſtance at which they 
are. placed and that therefore it is truly reaſon- 
able to ſuppoſe, that the fixed ſtars are equal, if 
not ſuperior: in magnitude, to that which is the 
center of our ſyſtem; and that they are made 
for the ſame purpoſes with the ſun, to beftow; 


light, heat, and vegetation, on a certain number : 


of planets revolving round them. 

Of their immenſe diſtance from us, and the 
yaſineſs of the ſpace they occupy, the reader map, 
form, ſome idea, When he is told, that numbers 


amongſt them are at too great a, diſtance to be 


adequately expreſſed by figures, and beyond the 

reach of ad meaſurement; and this will be height- 
ened, if be conſiders that the ſmalleſt of the ſtars 
viſible to the eye are much more remote than the 
that the teleſcope diſcovers flar 


larger ones, and fr 
which are too. diſlant to be perceptible. to the 
naked eye. That the inſtrument, like our ches. 


has it's ehe but the extent. oft the heavens has. | 


vo bounds. arte 0 N n 
he fixed. flock being ſo far remoyed f from, and 
for the moſt part inviſibſe to us; it can ſearcely 
be conceived by the narroweſt. wind, that they 


forma part of our ſyſiem, . or were ercated only 80 
to give a faint glimmering light to the bag ; 
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irional | moon woul. 


of TE; globe; * for one ad 44 
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have. afforded us more light than the 4 holt 5 
of ſtars ; ſuch an opinion is unworthy of our 
reaſon, inadequate to our conceptions of the 
Deity: It would be alſo abſurd to ſuppoſe that 
the author of nature had made ſo many ſuns 


vithout planets, to be enlightened by their light, = 


and vivified by their heat; but more ſo, to 
imagine ſo many habitable worlds enlightened 


by ſuns without inhabitants; we may, therefore, 


fafely conclude, that all che ae and __ 
Hons, are inhabited. 
This reaſoning is till Farther nes . 


conſidering the immenſity of the ſtarry heavens, 
m which are innumerable hoſts of ſtars, ereated 
| as' the means to ſome great end. From revela- | 


tion we learn, that the ultimate end of creation is 
the peop ng of heaven with men. Theſe re- 
ſplendent uns are clearly then the mediums of 
exiſtence to Jo many earths, and of men upon 
them, reared to de happy eternally with r 


'God; 4. THE! ONE! ETERNAL THIRST TO BLESS.” 


Every ſtat is thus the center of a magnificent 
ſyſtem, attended by a retinue of worlds, irradi- 
ated by it's beams, jad revolving. round by it's 


os ative influence?” Th Thus the greatneſs o 30d is 


1 * 


wied. and. the grandeur of his Wee we 


manifeſt. le is not glorified on one earth, or in 


one Wolli, but in ten thouſand times ten thou 
tand. If we could wing our way to the higheſt 
F aten ſtar, we ſhould there ſee other ſkies _ 
| dam] 


- 
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engundeds other ſuns that diſtribute their inex- 
- bauſtible beams of day; other ſtars, that gild the 
alternate night, and other (perhaps nobler) ſyſ- 
tems eſtabliſned in unknown profuſion, through 
the boundleſs dimenſions of ſpace. Nor does 
the dominion of the Sovereign of all things tet- 
minate here; even at the end of this vaſt tour 
we ſhould find ourſelves advanced no further 
than the frontiers of creation, the commence- 
ment of the great Jznov ns kingdom.“ | 
This mode of reaſoning applies with greater 
force to the planets of our own ſyſtem, and gains 
additional ſtrength from. other conſiderations. | 
For who would venture to aſſert, chat infinite 
love and conſummate wiſdom had formed ſuch 
immenſe 1 material maſſes, ſome of which exceed 
our earth in ſize, convey them in revolutions 
round the. ſun, furniſh them with moons, grant 
them the alternate changes of night and day, 
viciſſitudes of ſeaſons, and all this n to emit 
their, ſcanty light on our earth. Eee 
Or who that has ſeen any engine, 2 windmill 
bon indance. and who knows the uſe of it, if he 
travels into another country, and there ſecs an 
engine of the ſame ſort, will not reaſonably con- 
clude that it is deſigned. far the fame; purpoſe ? 
So when we know that the. uſe. of this. planet, 
the earth, is for an habitation of various forts of 
. anhh 1 and we hs other planets at a diſtance 
FFF * 
Be Hy Meditations, 25 


AST RON OMIQCAT E88 4 Ys. 
PEN ſome bigger; ſome lefathathe: earth, 


moving: ;periodicallyi:round, revolving on their 


axes, and attended with moons; iq it: not highly 
neaſonable to conclude, that they are all deſigned 
ſor the ſame uſe as this earth is, and that tliey are 
- habitable: worlds like that we live in? 
me Ws en concefvwe them 9 251 ohms * 
| | abate unpoſſeſs'd - b blu „ 
2 en ſoul; deſert and deſolate, 503 Sth 
Only ſhine, yet ſcaree to contribute 
Each orb a gleam of light? D e ae 


Or that tie Aren rr, Wc Hat not left Wick 


ICY water vrfeaþtes/ wb has in every 
 "inflanceHFultiplied the botind/oF life, HOUR leabe 
ſuch immenſe bodies deſtitute of inhabitants? It 
s furety much riore rational 10 fiippoſe" them 


the poffeſſton 'of Human being „beings formed. f 
with oäßabltied for Kab ing. 10 inks) ht ſetving 


their "Almighty" Creator; bleſt and provided 
et every object conducive” their happineſs, | 


and many of them'ti# für greater fate of Purity 


ö katth, and therefore 


Itham the inhabitants of GU 


in poſſeſſions higher deres of Miſe, And pfaced 
is, fürniſting them with® ſcenes" of joy, | 
' ; of religion Pro- | 


* 
equal to al that poetry can pait 
mer all under the directiön, indulgence, and 
| Protectibw of infittite wifdem ant ge 6dnels. © 


36 arbt cybrigy lo natuidg wget c: 7 A1 A coli 15 


6 wang Ee Witte 


ae e h Nl, 50 
dalctted at the end of the Deſcription of the Celeſtial Globe, 
one of the fubſegpentclubinte's of theſe KS: 28 
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712 2 
A cofiykanensrve Soil or Tr Untvenss. 


"ills "IO work en Ingended for yaibdg: 
minds, the following view: of the univerſe; by 
the amiable philoſopher of: Geneva, Mr. Bonnet, 
cannot but prove acceptable to the reader; not 
only becauſe it will ſerve as a/'recapitulationiof 
what lras gone before, but as it will tend to en-a 
large his ideas, and increaſe his veneration for 
the Father of: all beings. ay; a 493655: math 
When the ſhades of night have ſpread their 
veil over: the azure plains; the firmament mani: 


feſts to our view it's grandeur} and it's riches. -. 


The ſparkling points with which it is ſown, are 
ſo many sos ſuſpended; by the ALMIGHTY in 
the immenſity of ſpace; to give light and heat to- 
the worlds which rolß around them. 
Tur HEAVENS DECLARE THE! GLORY: OF Gans 
Ann THE FIRMAMENT SHEWETH - HIS "HANDY; 
WORE. The royal poet, who expreſſed himſelf 
r the ſtars he contemꝑlated were in reality: 
- He anticipated the times, and firſt ſung | 
ms; ide hymn, which future and more en- 
lightened ages ſhould chaunt forth in praiſe tg: 
the FOUNDER--QF- WORLDS... | ate AD 
The aſſemblagę of theſe vaſt bodies is divided { 
into different ſyſtems, the number of which proꝶ, 
bably ſurpaſſes the grains of e which. tho ge, 
caſts on it's {þ __ * WE vio died wakes 


* 
* 


8 
* N vw * 
7 * 7 - 4, 
KS 42 
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Each ſyſtem has it's center, or focus, a tar, 

or ſun, which ſhines by it's native inherent light; 
and round which; ſeveral orders of opake globes - 
revolve, reflecting, with more or leſs brilliancy, 
the light they er ee it, and 3 e 
them viſible. „ * 1 
Thoſe globes which. cies x as eee 
arnong the hæavenly hoſt, are the PpL ANS; the 
primary, or principal ones, have the ſun for the 


common center of their periodical revolutions; 


while the others, which are called ſecondaries, 

move round their primaries, accompanying them 

A SA TEL LI TES in their annual revolution: 
The earth has one ſatellite, Jupit iter four, Saturn 5 


| five, and the Georgium Sidus two; e e | 


beſides a luminous and beautiful ring. 15 
We know that our ſolar ſyſtem "logs NY 
twenty planetaty bodies ; we are not certain hut 


5 that there may be more. Their number has been 


conſiderably augmented ſince the invention of 


teleſceprs: more perfect inſtruments, and more 
- aceutare obſervers, may further inereaſe their 
number; the diſcovery of the Georgiun 
may be looked e nee 4 nes, | 
= future fucceſs. $63AD3 de 110471. ub, $9.44 {0 


m Sidus 


Modern aſtronomy . not only eee 
beavens with few plates, hut it has alſo enlarged 
the boundaries of the folar ſyſtem. The 'comets; - 
which from their fallacious appearance, their 
, their beard, the 1 e . directions, 
9 5 their 


— 
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their ſudden appearance. and diſappearance, have 
been conſidered as meteors, lighted up in the 
air by an irritated power, are found to be a 
ſpecies of planetary bodies, whoſe long routes 
are now calculated by aſtronomers; they alſo 
foretel their diſtant: return, determine their place, 
and account. for their irregularities. Many of 
- theſebodies at preſent acknowledge the empire of 
1 though the orbits they trace round him 
are ſo extenſive, that ſeveral ages are . 
* che completion of a reyolution.,” 
In a word; it is from modern afironacay 
we learn that the ſtars are. end: and that | 
che conſtellations, in which the ancients reckoned _ 
11 few, are now known to contain. thouſands. 
The heavens of Thales and Hipparchus were 
very poor when compared to thoſe of Tycho 
Brahe, Flamſteed, de La Caille, and Herſchel. 
Ihe diameter of the great orbit which our 
of leagues; yet this vaſt extent vaniſnies into 
nothing, and becomes à mere point, when 
the aſtronomer, wiſnes to uſe it as a meaſure, 
bas aſcertain the diſtance! of che fixed tars. 
How great than is the real bulk of theſe * 
Win which are perceptible by us at ſuen 
an enormous diſtance l the ſun s about 
1.392, 500 times greater than the careiy and 
3391 times greater than all the planeis taken to. 
an! 1 9 850 e e 
„ k N Pp” reaſon 
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veaſon to d muſt either be ex PSY 
exceed iin ir 25 bes rad” 


5, Proud and ignorant” mortal? ft up nowthine 


ches to heaven, and anſwer me: if ane of thoſe 
Tuminaries which adorn the ſtarry heaven; fliould 
be taken away, would thy nights become darker? 
Say not then, that the ſtars are made for thees 
dat it is for thee that the firmament glitters 
with effulgent brightneſs: feeble mortal! the 
vert not the chief object of the liberal bounties of 
the Creator, when he appointed Sen and en- 
5 ee it with Worlds: © 
Wbt the Planets" perform thai periodical 
- revolutions round the ſun, by which the courſe | 
of their year is Tegulated, they turn round upon 
| Hheit axes, a motion by which chey obtain the 
blternate ſucceſſon of day and nigit. 


B 7 „ 


But by what” means are theſe vaſt/bodies full 85 


| in the immenũty of ſpace? Whatfeeret 
: F in their orbits, and ee 
tem to circulate with fo much regularity a 
5 barmony? "Gravity, or 'A'rTRACTON;" 8 
powerful agent, the univerſal prineipte of this 
equilibrium and of theſe motions. ' Tr penetrates = 
_ intinvatelycall' bodies. By this power they tend 
towards each ther in a proportibir relative to 
_  their-bulk. Thus ehe planets tend towards tie 
bene of che ſyſtem into which they would fooh 
bhawe been precipitated, if the Crrator, when 
4 n impreſſed upon f 


ce | 5 F-- ; them | 
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chem a projectile or centrifugal force, which 
continually keeps them a proper Ailtaner 
from the center. 

The planets, by obeying at the ſame anne | 
each of theſe motions, are made to deſcribe a 
curve. This curve is an ellipſe, of different ex- 
centricities, according to the combination of the | 
active powers. At one of the foci of this ellipſe 
the ſun is placed. Thus the ſame force which 
determines the fall of a ſtone, is the ruling prin 
ciple of the heavenly motions. - Wonderful 
mechaniſm ! whoſe ſimplicity and energy gives 
us unceaſing tokens of the PROFOUND WISDOM or 
IT'S AUTHOR, 

The earth, which ſeems ſo vaſt in {Sy eyes of 5 
he emmeis who inhabit it, and whoſe diameter 
is above 7970 miles, is yet near a thouſand times 
ſmaller than Jupiter, who appears to the. N 
eye as little more than a ſhining atom. 

To troops of academic ians, new Argonauts, 
have had within this century the glory of {ik | 
mining the figure of the earth, and have demon, 
ſtrated it to be a ſpheroid, flattened at the Poles, 
elevated at the equator. But Newton has 
acquired a ſtill greater glory, that of diſcoyering, 
by the powers of genius, the ſame truth previous 
to obſervation. . This figure is alſo the effect of | 
gravity, combined with the. centrifugal force, + 
| Theſe two powers acting in different proportions, | 

on different planets, vary-their figure, and change 
7741-1 4 | P | them 
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| "FROM into ſpheroids, more or leſs flat, at the 
ſame time that they contract or dilate their 


orbits. . . 


This terraqueous globe is ana divided 


by hnckend ſeas. It is i rnally formed (at leaſt 


to a certain depth) into / beds of heterogeneous 
matter; the beds are almoſt Parallel, but of 
different denſities and textures; . 

The ſurface of the earth abounds with irregu- 
8 In one part we find vaſt plains, inter- 
ſected with hills and vallies. In another, long 


chains of mountains, which lift their frozen heads 


to thè clouds; from the boſom- of theſe moun- 


tains proceed rivers, which, after. they have 


watered various countries, and produced ponds 8 


and lakes; diſcharge. themſelves into the ſta, 
TONE re to it what it had loſt by evaporation... 


The ſex preſents to our view iſlands ſcattered 


in all parts of it, ſands, rocks, currents, gulphs; 
and ſtorms; but above all, that regular and ad- 
5 mirable motion whereby it's waters riſe mY we 

| twice every twenty-four i TR 


The lands and ſeas are wee eee 


i annals, whole infinitely varied ſpecies have each 

_ their proper habitation. Mankind divided into 
nations, people and families, cover the ſurface 
of the globe. They modify and enrich it by 
- their various labours, and build dwellings from 
pole to pele, which Ten with their man- 


Oy $a 0 Seele ct 
F 1 „„ 2:15 
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A rare, tranſparent, and elaſtic ſubſtance ſur- 


3 the earth to a certain height. This ſub- 
ſtance is the atmoſphere, the habitation of 


the winds, an immenſe reſervoir of vapours, 
which, when condenſed into © clouds; either 
embelliſh our ſky by the variety of their figures; 
and the richneſs of their colouring ; or aſtoniſh us 
by the rolling thunder, or flaſhes of lightning, 
that eſcape from them; ſometimes they melt 
away, at others are condenſed into rain or hail, 
ſupplying the deficiencies of the earth. with the 
e of heaven. 


The moon, the neareſt of all ha planets to the | 
Ks is likewiſe that of which we have the 


moſt knowledge. It's globe always preſents ro 
us the ſame face, becauſe it turns round upon it's 
axis preciſely in the ſame ſpace of time that it 
revolves round the earth 

It has it's phaſes, or ade ai and. Pn 
increaſe and decreaſe of light, according to it's 
| poſition with reſpect to the ſun, which enlighitens 
it, and the earth on which it wen the 20 — 
cast it has receivrdd. 

The diſk of the moon is divided into e 


de® obſcure parts. The former ſeems analogous 


to land, the latter to reſemble our ſeas. 


In the luminous ſpots there have been pe ; 


fr. parts which are brighter than the reſt, 
projecting: a ſhadow, whoſe length has been 


= ale and track aſcertained. Theſe parts 


3 3 are 


— 
— 
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ere mountains, much higher than our's,* in 
Proportion to the ſize of the moon, whoſe tops 
may be ſeen gilded by the rays of the fun, at the 


quadratures of the moon, and the light gradually 


deſcending to their feet, till they appear entirely 


bright. Some of theſe mountains ſtand by thema 


ſelves, while in other OY e are "Rs 
chains of them. b 

We fhall not dwell upon the numerous para 
1 that may be obſerved on an attentive ex- 
amination of this planet. If the author of 


nature has with us thought proper to vary the 


fmalleſt individual, how great muſt the diverſity 
be, by which he has ee e one world | 
from another! 5 7 

Venus has, like the moon, her 65505 ſpots 
44 mountains. The -teleſcope diſcovers to us 
alſo ſpots in Mars and Jupiter. Thoſe in Jupiter 
form belts! conſiderable changes have been 
| ſeen among theſe, as if of the ocean's over- 
flowing the land, and _ hols it 15 5 
s retreat. 

We e Sepp, . the Sen Sidus 

are but little known; the firſt, becauſe he is too 
e the ſun; the two laſt, becauſe our are e ſo 


remote from it. 


i >Laftly, the ſun himſelf has N whijet ft 2 
to move with regularity, apd whoſe ſize equals, 
and 2 805 ro 8 ahek our 1 TN 1 


1 * 


4 
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Every thing in the univerſe is ſyſtematical, all 
is combination, affinity, and connection. 

The ſpecies and individuals have relation to 

the ſize of the earth; the ſize of the earth has it's 
relation to the place ſhe oecupies in the eee 
ſyſtem. 

The ſun gravitates on the olunets; the planets 
on the ſun and each other. Theſe taken together 
gravitate on their neighbouring ſyſtems ; theſe 

again on more diſtant ones; while the ballance 
of the univerſe remains in equilibrio, in the hands 
of the ANCIENT OF DAYS. 

From the relations which exiſt 3 all 
parts of the world, and by which they conſpire 
to one general end, reſults the harmony of the 
world. | 

The. relations which unite all the worlds to 

„5 ans another, conſtitute the me of the 
univerſe. 0 

The beauty of the world i is founded in the har- 
monious diverſity of the beings that compoſe it, 
in the number, the extent, and the quality of 

their effects, and in the way of 1 that 
ariſes therefrom, 
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A TREATISE 
5 
Uſe of the Terreſtrial and Celeſtial Globes. 


A VARIETY os PROBLEMS, 


Arranged in proper Order, 
| AND INTERSPERSED WITH MUCH CURIOUS BUT q | 


RELATIVE INFORMATION. | 
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Dx RRESTRIAL AND CELESTIAL GLonrs. | 


0. f Kb J MY GLopzs br Ui 
ton "TLLUSTRATING THE PRIMARY Priner- 


Pers OF AsTrROnOMY AND Grocxapny'; AND 


FARTTCUIAR Ir OF THE ADVANTAGES OF THE 
© Groprs, WHEN e IN MY. be 88 


MANNER. 8 155 


| 7 NIVERSAL Pin the Seiten 
of thoſe that excel in ſeience, and the 
expibiencobfthoſs that are learning, all conct 
to prove that the artificial repreſentations of the 
earth and heavens, on the tetreſifial and celeſtiat 
globes, are the inſtrumemts the beſt adapted t fo 
_ eonvey natural and genuine: ideas of aſtronon 
and geography to young minds,” 
This ſaperiority they derive principally Hon . 
mee form and figure, which communicates a 
more you Bu ee tows * W 1 
eee ee eee $99.98 914 29) tion 


oY 


: . wa 24 4 


234 DESCRIPTION AND USE. 


tion. of the earth ws heavens, than can be for- 
ee from any other figure. 


- To underſtand the nature of the Sh of 


either ſphere in plano, requires more knowledge 


of geometry than is generally poſſeſſed by begin- 


ners, it's principles, are more, recluſe, and ms 
Jolution of problems more obſcure. 

The motion of the earth upon it's axis is one 
of the moſt important principles both in geogra- 


phy and aſtronomy; on it the greater part of the 
Phænomena of the viſible world depend: but 


there is no inyention that can communicate ſo 


natural a repreſentation of this motion, as that | 


of a terreſtrial, globe about it's axis. By a 


celeſtial globe, the apparent motion of the heavens | 
is alſo Sid in a pal, and ſatisfactory 


manner. 3 


In order to convey a choke idea of he various | 
diviſions of the earth; of the ſituation of different 
places, and to] obtain an eaſy ſolution of the 
various problems i in geography, it is neceſſary 


onceive many imaginary circles delineated 


to 


on it's ſurface, and to underſtand their relation. 
do each other. Now on a globe theſe- circles: 


haye;theix true form; their interſections and rela- 


tive poſitions are. viſible upon the moſt cur- 


lory inſpection, But in projections of the 
ſphere in plane, che form of theſe circles is: 


varied; and their nature changed they are 


. but ill * to . to young 


— 
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minds the elementary een of geogr. 
Fog 

e a An os cnet of 0 gd and 
water is perfectly natural and continuous, 
fitted to convey accurate ideas, and leave per- 
manent impreſſions on the moſt tender minds 3 


— 


whereas, in planiſpheres one-half of the globe is 


ſeparated and disjoined from, the other; and 
thoſe parts which are contiguous on a globe, are 


here ſeparated and thrown at a diſtance from each 


other. The celeſtial globe has the ſame ſuperi- 
_. ority over projections of the heavens in plano. 


he globe exhibits every thing in true propor- 
tion, both of figure and ſize ; while on a plani- 


rel the reverſe may often be obſerved. 


Preſuming that theſe reaſons ſofficientlyevince | 


the: great advantage of globes over either plani · 
ſpheres or maps, for obtaining the firſt principles 


of aſtronomical and geographical knowledge, I 
Yroceed to point out the pre-eminence of globes 
mounted in my father's manner, over the com- 


mon, or rather the: old ang Prolemaic mode of - 


| Faing them up. Np 


The great and increati Fr of” his' globes ; 


EA in the beſt manner may, be looked | upon 
at leaſt a as a proof of approbation from numbers; 
to this I might alſo add, the encouragement they 
have received from the principal tutors of both 
our univerſities, the public ſanction of the uni- 
rea of Leyden, the many editions of my 
| ; | L xg "2 
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into Dutch, &c. The recommendation of Meſſ. 
Arden, Walker, Burton, &cc. public lecturers 


in natural philefophy, miglit alſo! be adduted- 
but leaving theſe conſiderations, I ſhall proeced 
to enumerate the teaſons which give them, in 
my opinion, a decidec are over "every 
veg ming mens: AO i 058 eee 
e en .. Ae At 


3 ; - 
= Y 3 " 2 * £ o #F f #4. +8 © 7 Pos, \ * $ * p 5 7 > 
* \ % a 4 


REI9STHH ˖ ˙ CFC 
„The following note from Mr. Walker's Eaſy. Intro- 
duſtion to Geography, in favor of my n wa.” 
not, 1 hope, be, deemed improper... 3 

2 Simplicity and perſpieuiiy mould ever be Aadicd 
thoſe WhO cultivate the young ad? and jarring, 
Sg or equivoral "ideas Todd be avoided almoſt 
as much as rind or falſehood. Our globes; till of late 
years, were eqiipt with an hour circle, which preve- 
teck the poles from Aicling through t the horizon; ; hence hear | 
reRtification was generally for the PLACE ON THE EARTH, 
ioffead of the $ PLACE IN Tae ECLIPTIC 3 ; which put 
the globe i info ah 1 and abſurd a poſition reſpeRing 
te fun, chat young people were confounded When they 
Tonzpared it with the earth's poſitions: during it's atinnal 
rotation round that luminary, and conſidering. the horizon 
therboungery; of dax and night. Being, t there fore, fome- 
imes obli ed to reftify for the place on the earth, and 
fométimes or the ſun's Place i in the ecliptic, the two rules 
Galt f abba pily i the püpitzu mind, that fe remember 
1 flüge pres a 1Welvetidnin after the end of rhei tai. 
fen. Olches, therefore,; witk the horary circle, are but 
partially. deferibed; n ;this; wWeatile the great intention of 
s is, to mo Wer clevations and e rf 
| | 4 Y | 80 


13 
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"The earth, by it's diurnal revolution on it's 
axis, is carried round from weft to eaſt, To 
repreſent this real motion of the earth, and to 
ſol ve problems agreeable thereto, it is neceſſary 
that the globe, in the ſolution of every problem, 
fhould be moved from WST To EAST; and for 
this purpoſe, that the diviſions on the large braſs 
circle ſhould be on that fide which looks weſt- 


ward.“ Now this is the caſe in my father's made 


of mounting the globes, and the tutor ean there- 
by explain with eaſe the rationale of any problem 
to his pupil. But in the common mode of 
mounting, the globe muſt be moved from eaſt 
to weſt, according to the Ptolemaic ſyſtem; and 
conſequently, if the tutor endeavours to ſhew 
how things obtain in nature, he muſt make his 
pupil unlearn in a degree what he has taught him, 
and by abſtraction e the method he has in- 
1 of Aa eee Gabe to . ALL . 3 3 
earth is in to the ſun, for every day or hour through the 
year. The globes of Mr. ADAMS Are the moſt favourable 
-for the above mode of reQification of any plates we have at 
preſent; and to make a quieſcent globe to repreſent all the 
poſitions of one revalving round the fun, turning on an in- 
elined axis, and keeping that axis altogether parallel to it - 
ſelf, his Zlobes are better adapted than any, ] 1 N 


being. 1 
3 N 22 2485 3 3 


7 


N Sethe Rev, Me: Hutchins's] s New e on hs Globes 
p. 33 Adams's Treatiſe on the Globes, 
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Sruded bim to uſe a pradtice ue we hope? wil 
not be adopted by many. 

The celeſtial globe deins 1 to re- 
aden the apparent motion of the heavens, 
e e when uſed, from eaſt to weſt. 

Of the phænomena to be explained by the 


terreſtrial globe, the moſt material are thoſe 


which relate to the changes in the ſeaſons; all 


the problems connected with, or depending upon 


theſe phænomena, are explained in a clear, 
familiar, and natural manner, by the globe, N | 
when mounted in my-/father's mode; for on rec- 
tifying it for any particular day of the month, it 
immediately exhibits to the pupil the exact 8 | 
on of the globe of the earth for that day; and 
while he is ſolving his problem, the reaſon and 


foundation of it N Wa to e and 
neee 15 


The globe wah ale be Shared with eile in the 
Seer of a right ſphere, a circumſtance exceed- 
ingly uſeful, and which the old. conftruction wh 
the globes did not admit of. | 

By the application of a 1 ans” 
adi an artificial horizon connected with it, 
ic is eaſy to explain why the ſun, although he 
be always in one and the ſume place, appears 
to the inhabitants of the earth at different al- 
titudes, and in different azimuths, which cannot 


be” oe readily done with ee conimon Rs.” 
: . 5 . ng 2 CAR: e On 
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: Sn the celeſtial globe there is a moveable cir= 
ele of declination, with an artificial ſun. 

The braſs wires placed under the globes, ſerve 
zo diſtinguiſh, in a natural and ſatisfactory. man- 
ner, twilight from total darkneſs, and the reaſon 
of the length of it's duration. I 

The next point whercin they e dier 9 
from other globes, is in the hour circle. Now it : 

muſt be confeſſed, that to every contrivance that 
has been uſed for this parpoſe-there is ſome ob- 

_ jection, and probably no mode can be hit upon 

that will be perfectly free from them. The me- 
thod adopted by my father appears to me the 
leaſt exceptionable, and to poſſeſs ſome advan- 
tages over every other method I am acquainted 


\ 


1 | 
with. Agreeable to the opinion of the firſt _ : i 
aſtronomers, among others of M. de la Lande, he | j 


uſes the equator for the hour circle, not only as | 
the largeſt, but alſo as the moſt natural circle that 1 
could be employed for that purpoſe, and by which 5 
alone the ſolution of problems could be obtained |: 
With the greateſt accuracy. As on the terreſtrial 
globe, the longitude of different places is rec- 
_ 'konedon this circle; and ontheceleſtial, the right 4 
- aſcenfionof the ſtars, &c. it familiarizes the young 
pupil with them, and their reduction to time. 
This method does not in the leaſt impede the 
motion of the globe; but while it affords an [ 
equal facility of elevating either the north or | | — 
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did! in a wrong. poſition ; while: the 3 ö | 


wire en the EG" from n out of * 


o 

Another 8 ho! theſe ow 
is the mode of fixing the compaſs. . It is ſelf- 
evident, that the tutor, who is willing to give 
correct ideas to his pupil, ſhould always make 
him keep the globes with the north pole direc- 
ted towards the north pole of the heavens, and 
that; both in the ſolmion of problems, and 
de explanation of phænomena. By means of 
the compaſs, the terreſtrial globe is made to ſup- 


- ply the purpoſe of a tellurian, when ſuch an in- 


ſtrument is not at hand. I cannot terminate this 


Joan graph, without tet ifying my diſapproba- 


tion of a mode adopted by ſome, of making 


lar on which it is ſupported: a mode, that 


While it can give but little relief to indolence, 
4s leſs firm in it's conſtruction, and tends to 


en enn ha ons en 08 


pop. 4 DO 


ir e to prevent ſr es and; 5 


5 plexiiy Which neceſſarily ariſes in a young 
mind, when names are made uſe of which 


do not properly characterize the ſubject, my : 


- Hither* Found it neceffary,” with Mr. Hutchins, 
to term that broad wooden circle which ſup- 


the globe, and on which the ſigns of 
the Scape and the days- of the _— are 


| 11 g engra- 


— 
— 
— 
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_ engraved, the [BROAD PAPER CIRCLE, inſtead 
of horizon, by which it had been heretofore 


denpminated,” The propriety of this change will 
be. evident to all thoſe who conſider that this 
circle in ſome caſes repreſents that which divides 
light from darkneſs, in, others the horizon, and 
ſometimes: the ecliptic. For ſimila reaſons, he 
was induced to call the brazen circle, in which 
the globes are Ds, the STRONG BRASS 
CIRCLE. 

In a word, , many operations: may y be x 8 
by theſe globes, which cannot be ſolved by 


F K ·˙ 1 


| W can ſolve may be rod 5 theſe, 


and that with a greater degree of perſpicuity ; 
and many problems may be performed by theſe 


at one view, which eee ret 
ſucceſſive operations. 8 % 
But as notwithſtanding their Tupetiority, the 


1 


; ” difference in price may make ſome perſons prefer. 
the old conſtruction, it may be Proper to inform 


them, that they may have my father's 85 br Senex* $ 
- mounted i in ths 10 manner, at the uſual 
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* FORE X Eye. begin, 0 o deſcribe tber globes, 
it will be proper to take ſome notice of tbe 


; oy $ Firele, of which a, globe Wy be 
3 be Fodſtirured. g f 
5 hi 6 255 pig 3 generated. by the motion of « a l 
2 there be, ſuppoſed zug points, thee 
5 Anse the. cher fixed... CFF 


f the moveable point be made to move, = | 
e towards the fixed Point, it will * | 
in it's motion a ſtrait hne = $7.5 

> + D If a moveable point he carried round a fixed 5 N 
point. keeping always the ſame diſtance from i it, | 
it Bebe a act rs or 118 part of! a cick, 
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4 the fixed 2 will 1 1050 CENTER tec "har 
circle. „ 


All ſtrait lines going ford Sie center to the 
circumference of a circle, are equal. 

Every ſtrait line that paſſes through the center 
of a globe, and is terminated at both ends by it's 
ſurface, is called a DIAM er. 

9 The extremities of a diameter are PEI | 

- If the'circumaferenice of a ſemicircle be turned 
round it's diameter, as off an axis, it will dn 
6 « globe, or ſphere.” ae 4 aU6EDL 

The center of the ſemitirele > will be the cen 
ter of the globe; and as all points of the genera- 
ting ſemicircle are at an equal diſtance from it's 
center, ſo all the points of the ſurface of the 
generated ſphere are at an 1 Equal diſtance from 


22 £23 CE. 


it's center. A V 5 
rn D,, LENT 4. > 
8 | Dnxcntvrron or rut Gronks. 2 
. There are two artificial globes. on the er 
ol ot eavens a delineated; this 
5 is called the CELESTIAL | GLOBE; | The other, 
on which the ſurface of the earth i 1s deſeribed, i EE. 
| fled the TERRESTRIAL. GLOBE. - 4 Ig 
Fig 2, plate XIV. 8 e celeſtial | 5 
5 . ee the terreſi ſtrial globe, as moun- : 
; In ating theceleſtial globe, weare to ce 1 : 


ect eee, ES IE 2: 


* 


With the center of the globe; theſe are, by. way 
| of inction, called GREAT CIRCLES. -. 84 „ pit 
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In uſing the e e we are to lips 

| poſe ourſelves on ſome point of it's su RA. 
The motion of the terreſtrial; _- + : 
the REAL motion of the earth. Ho 
The motion of the e $f OI repreſents 
ah APPARENT motion of the heavens. _ Se 
The motion therefore of the ccteſtial globe W 
a motion from As TO WEST. | 


| 5 But the motion of the _— globe is o 


e from WEST TOBASTY yin cos, 5 
On the ſurface of each a Pang cir- 
285 are deſcribed, to every one of which 


way be applicd what: has e . cen in 5 0 


Pier 243. % 
The center « of "Sa of theſe 5 185 fave 


'theſe great circles, ſome" are a 1 
Tue graduated circles are divided into 566 Hl 
or equal parts, 90 of which ama a quarter ofa 5 


the center A * globe,» are 8 1 5 bissen EIR- 5 


k : 33 * 5 24 * 
* . * FS 
| cs. . 


The 1 e e BEE: LOI ed at the _ 
poles in a ſtrong braſs circle NZ A S, and turn 


therein upon two. iron pins, wh ich are the axis o 
- the globe; they ha ve each a thin braſs ſemicircle 
NHS, moveable about theſe: n with a mall 


thin circle H fiding thereon; it i. dsa. 


* 4 
- ** 5 bs . ** 
* Y : by 5 , K 7.4 N P 1 4 Po 
« — 3 £ * I ; : 4 2 7. 8 a 9 * A 5 4 a 9 * 
; . . 71 . 28 , n 4 2 5 . ö „ 
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ted each ue 10 _- from the er to cher 
20/2046 4 
On the! 3 globe this 5 is a 
MOVEABLE/MERIDIAN. It's ſmall ſliding circle, 
which is divided into a few of the points of the 
mariner's compaſs, is called a rn, or 
| VISIBLE HORIZON. 
On the celeſtial globe, his ſemicircle þ is 3 
5 MOVEABLE. CIRCLE 'OF DECLINATION, and it's 
ſmall braſs circle an artificial ſun, or planet. 
Each globe has a braſs wire circle T W Y, 
De at the limits of the crepuſculum, or twi⸗ 
light, which, together with the globe, is moun- 
ted in a wooden frame; the upper part B C 
is covered with a broad paper circle, whoſe 
plane divides the globe into two hemiſpheres, and 
the whole is ſupported by a neatpillar. and 
claw, with a . needle in 5 Foy aſs box 
n 1155 „ Bite ab + | Shy | 


C42] 


A eee or THE ein DESCRIBED ow 
1E BROAD. Paper CIRCLE BC; TOGETHER 
ru A GENERAL , Account or 11s Ders. | 


ION 
It contains four concentric circular 8 the 
| ihhermoRt'of Which! is” divided into 360%, and 
numbered into ſour quadrants, beginning at 
the eaſt and weſt points, and proceeding each 
way to 96% at the north and ſouth points; theſe _ 
are the four cardinal points of the horizon. 
11 ee MG 
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* : * 


2 A 
wa 3% a 
"EW. 
1 * 


— 


o 
- 


7¹ 


E 


9 8 VVV 


246 DESCRIPTION AND usr 


The ſecond circular ſpace contains, at 8 


| diſtances, the thirty-two points of the mariner's 
compaſs. Another circular ſpace is divided intu 
twelve equal parts, repreſenting the twelve ſigns 
of the zodiac ; theſe are again ſubdivided into 30 


degrees each, between which are engraved their 


names and characters. This ſpace is connected 


with a fourth, which contains the calendar of 
months and days, each day on the 18 inch globes 


being divided into four parts; expreſſing the four 
cardinal points of the day, according to the Julian 


reckoning ; by which-means, the ſun's place is 


very nearly obrained ſor the common years after 
biſſertile, and the intercalary dar 4s ioferted | 


without confuſion. nie 251 
poſitions of the celeſtial "NO this ik 
piper ctrele repreſents the plane of the horizon, 
ſtinguiſnes the viſible" from the inviſible 
part of the heavens; Bur IN THE TER RES. 
TRIAL GLOBE IT 18 APPLIED 10 THREE DIFFE- 
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tion, or chat cirele which e 5 from, 
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Or THE 8TRONG BRass CIRcLE NE Z. 8. 


One ſide of this ſtrong braſs circle 1s gradua- 
ted into four quadrants, each ene 20. 
degrees. | | 

The numbers on two of theſe quadrants in- 
creaſe from the equator towards the poles; the | 
other two increaſe from the pole towards the 
equator. ON, 

Two of the quadrants are numbered from the 
equator, to ſhew the diſtance of any point on the 
globe from the equator. The other two are num- 
bered from the poles, for the more ready ſetting 
the globe to the latitude of any place. 

The ſtrong braſs circle of the celeſtial globe is 
called the meridian, becauſe the center of the ſun 
comes directiy under i it ar noon. Oo 

But as there are other circles on the terreſtrial 
globe, which are called meridians, we chuſe to 
denominate this the STRONG BRASS #37 or 
MERIDIAN. ER „„ 

The grad uated ide of the ſtrong brafs cet 
that belongs to the terreſtrial de mould face 
ther. : 

The graduated ſide of this _ brazen me- 
ridian of the'celeſtial globe ſhould face the ra8T, 

On the ſtrong braſs circle of the terreſtrial 
globe, and at about 234 degrees on each ſide of 
the north pole, the days of each month are laid 
down according zo the declination of the ſun. 
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Or THE Horazy cinelzs, AND "THEIR lasiert | 


* — 


When the globes are 3 in my father 53 
manner, we uſe the equator as the hour circle; 


becauſe it ĩs not only the moſt natural, but alſo 
the largeſt circle that can be «plied for that 7 
pu rgoſe · BD 


17 


10 make this circle anſwer the N a \ſemi- 


Circular wire is placed over it, carrying two 
indices, one on the eaſt, the other on the weſt 
| ſide of the ſtrong braſs circle. ps 


As the equator is divided into 3600, or 125 


| | hours, the time of one entire. revolution of the 
earth or heavens, the indices will ſhew _ in what 


ſpace of time any part of ſuch revolution Is made 


among the hours which are graduated below the 
degr es of the equator on either globe. 


A the motion of the terreſtrial globe i is from : 
welt to eaſt, the horary numbers increaſe accor- 
ding to the direction of that motion; on the ce- 


leſtial whit n increaſe wn the, caſt to "at 5 
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1 8 is a ee narrow, flexible ſlip: of braſs, hs 


will bend to the ſurface ofthe globe; it has a nut, 
_ witha fiducial line upon it, which may be readily 


ned to the ne on the Arong braſs me- ; 


9 - 
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js divided into 90 degrees, and the divifions are 
ere 1 to 18 n below the eee 


O1 SOME OF THE Cans ids THAT. ARE DESCRIBED 
UPON THE SURFACE or Ach GLOBE, 


We may ſuppoſe as many circles to be 4 
bed on the ſurface of the earth as we pleaſe, and 
conceive them to be extended to the ſphere of 


the heavens, marking thereon concentric cir- 
cles. For as we are obliged, in order to diſ- 


tinguiſh one place from another, to appropriate 


names to them, ſo are we obliged to uſe dif- 


ſphere; hence it is frequently e⸗ 


| ferent circles on the globes, to diſtinguiſh 
| the parts, and their ſeveral relations to each 


* % I * 
ta » x : « 5 ifs 
7 * ; 7 1 x 4 : */ 4 * 
PANS. > J RS % £% 1 ; "+ F'y ? . : 
3 | a & we ” 6 4 7 | $4 12 4 
— — 4 


e Eayares on Eaõ ꝭ l. 
It goes round the globe exactiy in the mia 


ale, between the two poles;| from which ir 
always keeps at the ſame diſtance; or in other 


words, it is every where 90 degrees diſtant 
from each pole, and is therefore a boundary, 
ſeparating the northern from the ſouthern hemi- 
ted THE LINE 
by ſailors, and when they fail over it they ate 
ſaid to croſs the line, Ve : 
It is that circle i in 7 5 heavens, i in which the 


ſun appears to move on thoſe twao days; the one 


in the ſpring, the other in the autumn; when the 


- 151 and e aur dine gte de geh a 
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the world; and hence on the celeſtial globe i it is 

generally called the nis rt. 
It is graduated into 360 Ares, - tins i che | 

terreſtrial globe the numbers increaſe from the 


meridian of London weſtward, and procced 


quite round to 360. They are alſo numbered 
from the ſame meridian eaſt ward, by an upper 
row of figures, to accommodate thoſe who uſe 
the Engliſh tables of latitude and longitude. 
On the celeſtial globe , the equatorial: degrees 


are nuinbered from the firſt pou of Aries caſt» 


ab % ls 3} nol ws 21 
Under the degrees on either Babe is e! 
4 a circle of hours and minutes. On the 
celeſtial globe the hours increaſe eaſtward, from 
Aries to XII at Libra, where they begin again 
in the famé dirction, and proceed to XII at 


Aries: But om the + globe, the horary 


nunberd increnſę hy twice twelve hours weſt- 
ward from the meridian ee oO ſame 


_ n h op. EPO W dne 1D TON 


n euruing the globe about. the equator eons 
amen one point of the ſtrong braſs me- 
ridian: from. Which point the . on the 


mid Sie eee Wake , i} v 


Or 1. Feribrie-. wry os 8 
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This circle is divided into 12 equal parts, 
each of which contains 30 degrees. The be- 
ginning of each of theſe 30 degrees is marked 
with the characters of the 12 ſigns of the zodiac. 

The ſun appears always in this circle; he ad- 
N vances therein every day, nearly a degree, and 

; goes e it exactly in a year. ; 

The points where this circle croſſes the equa- | 
tor are called the EQUINOCTIAL POINTS. The 
one is at the beginning of Aries, the other at 
the beginning of Libra. 

The commencement of Cancer and Capri- 
corn are called the 801sTITIAL POINTS. 

The twelve ſigns, and their degrees, are og 


; down on the terreſtrial globe; but upon the ce- 
leſtial globe, the days of each ae erg are e gra 
duated juſt under the ecliptic. CIPHER NE! 

The ecliptic Sauen g priveipll to the eder 
2 Wen, | RT bs 
. 8 4 
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 TERIDLANS. are: circular. Lines, geing 
& over the.carth's ſurface, from one pole to 


| the theo and croſſing eee at right an- 


e rocked ooo aft) 

| mm oor Places thats Sou lines, paſi 
through, in going from pole to pole, they are 
the meridians of thoſe places. - 
There are no places upon the ſurface of the 
_ earth, through which meridians may not be 
conceived to paſs. Every place, therefore, is 
ſuppoſed to have a meridian line paſſing over 
it's zenith from north to ſouth, and going | 
5 Sy the poles of the world. 
Thus the meridian of Paris is one meridian ? 
i 3 meridian of London is another. This 


variety of nk is ee uy W 
„ = 
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* globe, by the moveable meridian, which 
may. be ſet to every individual point of the 
e and put directly over any walten | 
place. ? 
Whenſoever we move 1 the caſt ar 
5 veſt, we change our meridian; but we do not 
change our meridian if \ we move GFA to the 
4 north or ſouth, 
| ie moveable meridian ſhews chat the ales 
of the earth divide every meridian into two 
\ ſemicircles,. one of which ew through the 
place whoſe meridian it is, t the other through a 
point on the earth, oppoſite to that Place,. 
Hence it is, that writers in geography and 
aſtronomy generally mean by the MRIDIAN of 
. any place the 8£MICIRCLEB which paſſes through 
that place; theſe, 3 mer ws cv the 
Nr meridians, ms 
All places lying under ya ſame ſemicirete, | 
are ſaid to have the ſame meridian; and the 
ſemicirele oppoſite to it is called the oppoſite 
| meridian, or eee the 1 9 80 pork: of ape 
meridian... 0 
Fromche foregoing Jefinitions, 3 it We 1 
Wiebe meridian of any place is immoveably fixed 
to that place, and is carried 780 AG with. it 
by the rotation of the globe. oy 
- When--the meridian of any 6 is 15 the 
ics of the earth brought to point at the 
""_ t bs * Or mid-day, at. that place. 712215 1 
Wo he 
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The plane of the meridian of: any place may 


8 veimagined to be extended t to FRE Ree and the 
fired ſtarss. 

When, 5 the motion of the earth, the di 
of a meridian comes to any point in the hea- 
vens, as the ſun, moon, &c. that point, &c. is 
then ſaid to come to the meridian. It is in 


of the ſun or ae — to, © or TOY over 
the meridian. LE 
he time 8 elapſes ban ale noon'of 


* 


| any ofie day in a given place, and the noon of 
the day lowing n e an als mo is called | 


FM eee . 2 * eee 
Ane which! lie W the fame meridian, 
e their noon, and every other hour of the 
natural day, at the ſume time. Thus when it 
is one in the afternoon ar London, it is alſo one 


in the "afternoon to Abs r N hy meri- 


E 575, 


Gn olle * 
In order leeres his ſcion; "FO 

5 „Pom there myſt firſt be a ſettled part of the 
revs ſirius, Trom which to JON; A and 


o 


f bert —— ende ds asthi, ana is 
/ ſpherical, tke place from whence we meaſure 
muſt be a circle. It would be neceffary, how- 

2 amen ſuch circles, one to know 


cher, the dess ce k 


it's diſtance north or 
af] Ws 4 


% 


this ſenſe that we generally uſe the expreſſion | 


ſouth - 


* A 
NOI — — — 
3 —— — 
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ſouth'of he given point, and thus determine it's 
e fiation - any : 
Hense it has been cute Ho 88 


to fix upon the meridian of ſome remarkable 


place, As A FIRST-MERIDIAN, OR STANDARD; and 


to reckon the diſtance of any place to the eaſt or 


weſt, or it's longitude, by it's diſtance from the 
firſt meridian. On Engliſh globes, this firſt me- 


| ridian is made to paſs through London. The 
Poſit ion of this firſt meridian is arbitrary, becauſe 
on a globe, properly ſpeaking, there is neither 


beginning nor end. Phe firſt perſon (whoſe 
works at leaſt are come down to us) who: com- 


puted the diſtance of places by longitudes and 
latitudes was N 8 about the ur aer 
Chriſt, 140. FFT | 
The 1oxnorTuDE or ANY: PLACE ig: it's 5 e , 
| ben, the arſt meridian, meaſured by 8 on 
| we equator. | 
Io find the longitude of a place, is to find 
what degree e e Ne rog e of that 


place aroffts. 3: nth rs ©; 
All places that W 4 125 as, 


are faid to have the fame longitude; all places 
dhat lie under different meridians, are ſaid to have 
different longitudes; this difference may be caſt 
or welt, and conſtquently. the difference of lon- 
gitude between any two places, is the diſtance of 
their meridians from each: other ee on the 
. RE 0 e ii . 
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Thus if the meridian of any place cuts the 
9 in a point, which is fifteen degrees eaſt 
from that point, where the meridian of London 
cuts the equator, that place is ſaid to differ from 
Lenden in longitude 15 degrees eaſtward, _ 

pon the terreſtrial globe there are 24 me- 
— dividing the equator into 24 equal parts, 
which are the hour FEDY: of the 1 ny 
Th pit they pals. | 

A diſtance of theſe 3 Ham ach 
e is 1 5 degrees, or the 24th part of. 390 de- 
Hows; thus 1 5 degrees is equal to one hour... 

By the rotation of the earth, the plane of every | 
meridian points at the ſun, one hour after that 
meridian which is next to iteaſtward; and thus 
they ſucceſſively point at the ſun every hour, ſo 
that tlie plane of the 24 meridian ſemicircles 
being ee pol through the ſun i in a aca] 
2 5 

To illuſtrate this, ſuppoſe the lies of the 7 

e bal meridian to coincide with the ſun, 
bring London to this meridian, and then move 
the globe round, and you will find theſe 24 me- N 
ridiañs ſucceſſively paſs under the ſtrong braſs 
meridian, at one hour's diſtance from each other; 
till in 24 hours the earth will return to the ſame 
fituation, and the meridian of London will m_ © 
coincide with the ſtrong braſs circle. - 
By paſſing the globe round, as in ſeeing 
article, i it will be evident to the ppl, that if * 2 
gm T O01 


- 4-6 


— 
2 
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of theſe meridians, 15 degrees eaſt of London, 
comes to the ſtrong braſs meridian, or points at 
the ſun one hour ſooner than the meridian of 
London, a meridian that is 30 . eaſt comes 


two hours ſooner, and fo on; and conſequently 


they will have noon, and every other hour, ſo 
much ſooner than at London: while thoſe; whoſe 
meridian is 15 degrees weſtward from London, 
will have noon, and every other hour of the day, 
one hour later than at London, and ſo on, in 


Proportion to the difference of longitude. Theſe 
definitions being well underſtood, the pupil will 
be prepared not only to ſolve, but ſee the ratio- 


nale of the follow ing problema, . 


PROBLEM 2 


'To find the longitude of any place on = globe. 
The reader will find no difficulty in ſolving . 

ä problem. if he recollects the definition we have 
given of the word longitude, namely, that ĩt is 


the diſtance of any place from the firſt meridian 
meaſured on the equator. en either ſet 
the moveable meridian to the place, or bring the 
place under the ſtrong braſs meridian, and that 
degree of the equator, which is cut by either of 


theſe brazen meridians, is the longitude in de- 


grees and minutes, or the hour ad minute ge it's | 
= expreſſed i in time. Le, 
. the, en place may lie ae aſt or neſt, 


5 
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of the firſt meridian, the WY wad be ex- ö 


preſſed accordingl. 


It appears moſt natural chen the dag 
always weſtward from the firſt meridian; but it 


is cuſtomary to reckon one half round the globe 


eaſtward, and the orher half weſtward from the 
firlt meridian. Te accommodate thoſe who may 
prefer either of theſe plans, there are two ſets of 
numbers on our globes: the numbers neareſt the 
equator increaſe weſtward, from the meridian of 


Londen quite round the globe to 360, over 
Which anether ſet of numbers is engraved, which 
inereaſe the eontrary way; fo that the longitude 

may be reckoned por th 


8 ee either eaſt 
or weft. 


IE + Example. Bring Bofion, in a New England, to 


the graduated edge of either the ſtrong braſs, BE 
of the moveable meridian; and you will find it's 


longitude in degrees to be 704, or 4 k. 42 min. Ts 
in time; Rorne 125 degrees eaſt; or 30 min. in 
time; CHIRP North America, is: 79 deg. [4 


Set 1 . TRUDS 203-0 jr ts 


+ vs, 1 S Nn / Fog ENeY 
Y ＋ 85 F if „ 1 ani Ss bo * i 
* 


1304 {i Eh * 0 5 100 E. 1 04, .. : ban olg 
To fn the diſlerence-of lanes denen, 


— 


2 


Ef the pop ae ib what is meant by the 


difference of longitude, the rute for the ſolution of 
- 95 Land witt naturally occur t0 hls mind. 


ty 


Now the difference of longitude between any two 


places is the quantity of an angle (at the pole) 
made by the meridians of thoſe places meaſured 


on the equator. To expreſs this angle upon the 


globe, bring the moveable meridian to one of the 
places, and the other place under the ſtrong braſs 
circle, and the required angle is contained be- 
tween theſe two meridians, the meaſure or quan- 
tity of which i is to be counted on the equator. 


Example. I find the longitude of ;Rome to 


be 123 caſt, that of Conſtantinople to be 29, the 
difference i is 174 degrees. Again, I find Jeruſa- 
lem has 35 deg. 25 min. eaſt longitude from 
London; and Pekin, in China, 116 deg. 52 min. 
eaſt longitude; the difference is 81 deg. 27 min.; 


that is, Pekin is 81 deg. 27 min. caſt longitude 
from Jeruſalem; or jeruſalem is 81 deg. 27 min. 


weſt longitude from Pekin. 


If one place is eaſt, and the other weſt of the . 


firſt meridian, either find the longitude of both 
places weſtwitd, by that ſet of numbers which 
| iticreafe weft ward from the meridian of London 

to 360 deg. and the difference between the nurn 
ber thus found is the anſwer to the queſtion :—or, 


add the eaſt and weſt longitudes, and the ſum 
is the difference of longitude; thus the longitude | 


of Rome is 12 deg. 30 min. eaſt, of Charles- 


Ton 79 deg. 50 min. weſt; their furn, 91 1 5 


20 min. is 8 difference required. 


TOES 
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It may be. proper to. obſerve. here, that the | 
ance i in time is the ſame. with the difference | 
of longitude, conſequently that ſome of the fol- 
lowing problems are only particular caſes of this 
problem, or . readier modes 1 eee this 
MBarenee-\ 


PROBLEM nt, 


4 


5 To find all thoſe places where i it is noon, at any 
given hour of the day, i in another place; or 

Be other words, ( which may conduct the reader _ 

| to the rationale of it's ſolution) to find what 

137 places have the ſun upon their meridian, at 
any given hour of the Gay, 1 in another <r Propoſed | 

+ place. 5 Rs . 


A: 


MY Ant the Warna motion of the 11 585 here re- 
: preſented. by the terreſtrial globe, is from weſt 
to eaſt, it is plain that all places which are to 
rhe eaſt of any particular meridian, muſt neceſ- 
5 ſarily paſs by the ſun, before a meridian which 
is to the weſt of them can arrive at it. 
„ ſhall, therefore, divide this problem into 
: three „ <- 85 
. hen the given nes is at Chen. 5 = 
2. When the given hour i is in the ens 
| and any where but at London. 
3. When the given hour is in the aſterngon, 
| bur not at London. „%%% ĩ ];ù gs . 


3 ĩ ̃ 


or THE GLOBES, ' 201 


ee 4 if? V“. % f 1 a 
I. WHEN, THE GIVEN HOUR IS AT LONDON. 


As the firſt meridian on our globes paſſes 
through London, bring the given hour to the 
eaſt of London, if it be in the morning, to the 
ſtrong braſs meridian, and all thoſe places which 
are under it will have noon at the given hour; 
but bring'the given hour R oy e * it 
be in the afternoon. :. 

Example. Let it be led to know! in 
hat places it is XII O clock, when it is ten in 
the morning at London. Therefore, bring that 
Ktn hour on the equator, which is to the eaſt- 
v ard of London, under the ſtrong braſs meri- 
dian, and the places that are under it's gradu- 
ated edge will have the ſun upon their meridian 
when it is ten in the morning at London. Sup- 
poſe the given hour at London to be three 
O clock, then bring that hour on the equator 
which is weſtward of London, to the ſtrong 
braſs meridian, and thoſe places which lie under 
it will have noon when it is ie in . e 
noon at N 11 TT DI HIITETE UFOS 


4 24 


gw 17 The. given nouß br IN THE, APTER>, 
| vox, zur NOT AT Loxpox. 28 


Bring the given place to the W me- 
ri and ſet one of the hour indexes to that 

XII which is moſt. elevated; then turn the 

globe e WEST to EAST, till the index points 

5 R 3 ” 10 
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to the given hour, and the ſtrong braſs meri- 
dian will paſs over thoſe places which have noon 
at the given hour in the propoſed place. 
Let the hour propaſed be LV, o'clock. in the 
8 at Port-Royal, in Jamaica. Bring 
Port · Royal to the ſtrong braſs meridian, and ſet 
the hour index te the, moſt elevated XII; turn 
the globe from weſt to eaſt, until the horary in- 
dex points to IV o'clock, and the ſtrpng braſs 
meridlian will paſs over thoſe places ie have 
e given JOU BLUR? wigs * 


Le 7 


| _ 17 THE GIVEN Hour BE IN THE MORNING, 
| BUT NOT AT Lonpox. Ty re 


Bring che given e to . 8 braſs ; 
; reridian ; ſet the hour index to the uppermoſt 
XII, and turn the globe from zAsr to Ws, 
until the hour index points to the given hour: 
then the required places are under the ſtrong 
braſs meridian; Let the given hour be 30min. 
paſt Vat Cape Paſaro, in the iſland of Sicily: - 
bring Paſaro to the meridian, ſet the hour index 

to the moſt elevated XII, then move the globe 
weſtward, till the hour index points to 30 min. 
paſt V, and the places under the Nong braſs 
meridian will have noon when it is 30 min. 1 8 


vi in the aſternoon at Paſaro, in Sicil. 
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PROBLEM * 


When i it is noon at any place, to find what hour 
of the day it is at any other place. 


Rule. Bring the place at which it is noon, 


to the ſtrong braſs meridian, and ſet the hour 


index to the uppermoſt XII, and then turn the 
globe about till the other place comes under the 
ſtrong braſs meridian, and the hour index will 
ſhew upon the equator the required hour. 


If to the eaſtward of the place where it is 
noon; the hour found will be in the afternoon; . 


if to the weſtward, it will be in the forenoon. 

Thus when it is noon at London, it is 50 min. 
paſt XII at Rome; 32 min. paſt VII in the 
evening at Canton, in China; 15 min, paſt VII 
in the morning at IT, in Canada. 


A 0240. v. 


. Ar any given hour i in the place where you are, 
to find the hour at any place propoſed; or in 
other words, the hour where you are being 
given, to tell what hour it is in a other E 
of the world. e 


Rule. Bring che propolat place vids the 
ſtrong braſs meridian, ſet the hour index to the 


given time, then turn the globe, till the place 


where you are is under the braſs meridian, and 
the horary index will point to the hour required. 
"Thaw 2 ORG are at London at Ix 0 clock 
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* 


in the morning, what is the time at Cds, in 


: China? Anſwer, 31 min. paſt IV in the after- 
noon. When it is IX in the evening at Lon- 
don, it is about 15 min. paſt IV in Fre kerhoon 


at III in Canada, 


| Or Lartropz. 5 
We Rua Bas obſerved, that the equator 


| divides the globe into two heraſpheres, he 
565 northern and the ſouthern. 


The latitude of a place is it's diſtance from 
the equator. towards the north or ſouth pole, 


: meaſured by degrees upon the meridian of the 
; place. „ 


All places, therefore, that lie under 15 equa- 


| tor, are ſaid to have N LATITUDE. 


All other places upon the earth are faid t to > 
in north or ſouth latitude, as they are ſituated 


| on the north or ſouth ſide of the equator; and 

1 the. latitude of any. place will be greater or leſs, 

accor uns as It Is nd TOR: or NET A to the 
| equator. - 


Lines which 3 8 at 80 1 diſtance 
"from each other, are called PARALLELS. 

If a circle, or circular line, be conceived 
keeping at the ſame diſtance from the equator, 


it will be a parallel to the equator. . 


Circles of this kind are commonly drawn on 


. the terreſtrial globe, on both ſides of the equator. 

A circle of this kind at 10 degrees from the 
* 18 called a parylig of 1 10 1 

Wen 


— 


* 
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When any ſuch parallel paſſes through two 


Places on the globe's nee thoſe two plaves 


have the ſame latitude. 
Hence parallels to the equator are called 


' PARALLELS: OF LATITUDE. | 


There are four principal leſſer © 20 . 
to the equator, which divide the e into . 
unequal parts, called 20 %s. 

The circle on the north ſide of the equator is 


called the ROI or Av H it juſt touches the 


north part of the ecliptic, and ſhews the path 
the ſun appears to derbe, a longeſt t in 


” omen... 


That which is on \the ſouth ade af he, 3 | 
tor, is called the TROPIC, 0F-CAPRICORN ; it guſt = 
touches the ſouth part of the ecliptic, and ſhews 
the path the ſun appears to deſcribe, 96 ſhoe? 
day. in Winged, nf np ad 

Ihe ſpace between theſe two 8 1 
contains about 47 degrees,. was called *. r 
cients, the TORRID ZONE. 

The two polar circles are placed at hs ſame 


. diſtance from the poles, that 8 two e ar 
| from the equator. 


One of theſe is called „ NORTHERN, . 


other the SOUTHERN; POLAR: CIRCLE. 


Theſe include 233 degrees on e of 5 
theis reſſ pective poles, and conſequently contain 


47 degrees, equal to the number of degrees! * 


cluded e the tropics. 8 Ty 
: — f # The 
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The ſrace contained within the northern polar | 
3 was by the ancients called the voRTI 
FRI CID ZONE ; and that within the ſouthern 
polar circle, the $0UTH'FRIGID ZONE. | 

The ſpaces between either polar circle, and 
it's · neareſt tropic, which contain about 43 de- 
grees each, were called by che ancients the Two 


'} 


TENPERATE ZONES. N 2 3 8 RE is el 
3 15 La x * 5 5 £ 1085 
0 and the latitude of any place. 10 
1 Irtde pupil comprehends the foregoing deſi- 
nition, he will find no difficulty in the ſolution 
of this and ſfonie of the following: problems. 93 
Rüle. Bring che place to the graduated fide 
of the ſtrong” braſs meridian, and the degree 
: Finch is over it i is the latitude: Thus London 
will be found to have 51 deg. 32 min. north c 
atitude: Conſtantinople: 47 deg. north latitude; 
and the Cape of Nw 1 34 des. bon 
| latitude. 1 8 


4 
, x — - 
TVC n 4 E: Pry 


1 SP, * * + —_— 


Tas een} AIRS DEMAVE 4 
15 find all thoſe places ie have 55 Gn 
+: latitude with any given place. 

5 . the given place to be London; turn 
he globe round, and all thoſe places which paſs 
n n G 22 of the Rog braſs Ty 


wt f 1 2 4 * 5 e 4 
4 : © — 
3 'S : "TSX a * Tg 
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on ee 2 pRODL EM 
— 
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PROBLEM VIII. 


To find the difference of latitude between two | 
places. 1 


Dal If the places be in the FED hemi- 
ſphere, bring each of them to the meridian, and 
ſubtract the latitude of one from che other. If 
they are in different hemiſpheres, add the lati- 
tude of one to that of the ober. 

Example. The latitude of London is £1 ed 
32 min.; that of Conſtantinople 41 deg.; their 
difference is 10 deg. 32 min. Of the difference 
between London, 51 deg. 32 min. north, and 
the Cape of Good 7 34 ys Ons ns 
Wis, en 8 5 ih cg 
The 1 1 oy ade of: any W Ts | 
| known, to find that place upon the glabe; or 

if the place be not. inſerted an the glohe, ta 
find where it ought to be placed, and fix the 

center of the artificial horizon thereto. 


8” 


Rule. Seek ſor the dee the 


equator; and bring the moveable meridian to char 


point; then count from the equator en the me „ 
1 e ee NO latitude either towards the 


20 to r. eee, | ad} the: Auterſdewew of nies 
eee quired. 


#437: W424 2 
5 E 
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| 
| 
| 
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Example. The latitude of Smyrna, in Aſia, 
is 38 deg. 28 min. north; it's longitude 27 deg. 
30 min. eaſt of London; therefore, bring 27 

deg. 30 min. counted eaſtward on the equator, - 
to the moveable meridian, and ſlide the diame- 
ter of the artificial horizon to 38 deg-28-min. 
north latitude,, and it's center WT be correctly 
- placed ver Smyrn g ig 256, 

It may be proper in this whice juſt to Aid 
the pupil, that THE LATITUDE OF ANY PLACE IS | 
ALWAYS EQUAL TO THE ELEVATION OF THE POLB 
or TE SAME PLACE ABOVE THE HORIZON. The. 

; reaſon of this is, that from the equator to the: 
pole is 90 degrees, from the zenith to the hori- 
20n is alſo go degrees; the diſtance of the 
zenith to the pole is common to both, and 
therefore if taken away from both, muſt leave 
equal remains; that is, the diſtance from the 
equator to the zenith, which i is the latitude, i is 
| RT deere of the pole. 

As the finding the longitude of places 8 
one of the moſt important problems in geogra- 
phy and aſtronomy, ſome further account of it, 
it is preſumed, will . e and . 


| uſeful zo the „ x; 


For what can be more e ee = 
niſin] in a long voyage, than to be able to tell 
upon hat part of the globe he is, to know how 
far he has travelled, what diſtance he has to g. : 


: and how he man direct his courſe to arrive at 


of 


Steger 1 * . cy KY 1 | ; Tg 
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the place he deſigns to viſit? Theſe important 
particulars are all determined by knowing the 
latitude and longitude of the place under con- 


ſideration. When the diſcovery of the com- 


paſs invited the voyager to quite his native 
ſhore, and venture himſelf upon an unknown 
ocean, that knowledge which before he deemed 
of no importance, now became a matter of ab- 
ſolute neceſſity. Floating i in a frail veſſel, upon 
an uncertain. abyſs, he has conſigned himſelf 
to the mercy of the winds and waves, and 
knows not where he is.?“ 

The following inſtance will prove of og 
uſe it is to know the longitude of places at ſea. 
The editor of Lord Anſon's voyage, ſpeaking _ 
of the iſland of Juan Fernandez, adds, The 


uncertainty. we were in of it's poſition, and our 


ſtanding in for the main on the 28th of May, 

in order to ſecure a ſufficient caſting, when we 

: were indeed extremely. near it, coſt us the lives 

of between 70,and 80 of our men, by our 

longer continuance at. ſea; from which fatal 

accident we might have been exempted, had 

we been furniſhed. with ſuch an account of 

it's ſituation, as we could oy ras SORE 
on. 

"The 3 of a 3 the failor « can CAM: 


ee but the ee is a ai of the 5 
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utmoſt difficulty, fot the Uiſtovery 'of which 
many methods have been deviſed. It is indeed 
of ſo great conſequence, that the partiament of 
Gren Britain propoſed a rev ard of 10,000 J. if 
ir extended only to 1 degree of a great circle, 


or 60 geographical miles; 15,0007. if found to 


40 fuch miles; and 20,0007. to the perſon that 
can find it within 30 minutes of a Brent circle, 


5 30 geographical miles. 


We cannot enter fully into this ſubject in 


| theſe effays; it will, 1 hope, be deemed ſuf. 


ficient, if we give ſuch an account as will ena- 


ble the reader to form a general idea of the 
FE ſolution of this important problem. 


From what has been ſeen in the ptiveditg 
pages, it is evident that 15 degrees in longitude 


 anfiwer” 16 one hour in time, and conſequently 
that che longitude of any place would be 


Known, if we knew their difference in time; ; 
or in other words, how rtthch ſooner the fun, 


Kc, arrives at the meridian of one place, chan 


that of zn6ther. The hours and degrees being 


In this refpect commenturite, it is as proper 


4 Se the 1 215 Wah, parte in in t time, as 


Wow it is 5 that this difference i in 1 Unie | 


' would de ecafify afcertained by the ofervacion” 
of atty iniflantatieous #ppearince in rhe heavens, 
zt tro diſtant places; for the difference in 
| time at which or tame phznomenon i is obſer- 
SUR 0 | ved, 
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ved, will he the diſtance of the two places from: 
each other in longitude ; on this principle, 
moſt of the methods in general A are founded. 
Thus if a clock, or watch, was fo contrived, 
as to go uniformly in all ſeaſons, and in alf 
places; ſuch a watch being regulated to Lon- 
don time, would always ſhew the time of the 
day at London; then the time of the day under 
any other meridian being found, the difference 
between that time, and the correſponding 
London time, would. 18 "the" es por Ut 
longitudddee. 
For ſuppoſing any perſon poſſeſſed of one af 
theſe time pieces, to ſer out on a journey from 


Lonckon, if his time-piere be accurately adjuf- 


ted, wherever he is, he will always know the 
hour at London exactly; and when he has'prow 
ceeded fo far either eaſtward or weftward, that. 
a” difference is perceived betwixt the hour 
ſhewn by Bis time-piece, and thoſe of the 
clocks and watches at the places to which he 
5 goes, the diftance of thofe Places from Londoſ 

in longitude will be known. But to whatever" 


degree of perfection fach' movements may be 


made, yet as every mechanical inſtrument is Lia- 
6 red by Var ius accidents, other 


ble to be in 


. methods are obliged to be aſed, as the eclipſes | 


of the Gy and moon, or of fupiter's fatellites. 
od Wwe fing che momert of the beginning 
erte Wust at ten rlock ar night ar 


SW. 


* 


9 
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London, and. by accounts from two obſervers. 


in two other places, it appears that it began 


with one of them at nine o'clock, and with the 
other at midnight; ; it is plain, that the place 


| where 51 began at nine is one hour, or 15 de- 


grees eaſt i in longitude from London; the other 

place where it began at midnight, is 30 degrees = 
diftant in weſt longitude from London. Eclip- 5 
ſes of the ſun and moon do not, however, hap- 


pen often, enough to anſwer the purpoſes of 


navigation ; and the motion of a ſhip at ſea. 


2 prevents the obſervations of thoſe of Jupicer's 


| fatellites. | 


A che, place of x any e body be . 
puted, for example, as inan almanack, for every 


. day or to parts of days, to any given meridian; 


andthe. place of- this celeſtial body can be found. - 


| by obſervation at ſea, the difference of. time 2 


between the time of obſervation and the com- 
time, will, be the difference of longitude 


in time. The moon is found to be che moſt 


er celeftial. object, and the obſervations of * 


| her appulſcs to any fixed ſtar is reckoned one 
| * the beſt. ce for e 5 difficulr 
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an bblate ſpheroid, the length of a degree on 


the equator will be ſomewhat greater. 
Whether the earth be conſidered as a ſpheroid 


3 ene er all the meridians interſect one ano- 


ther at the poles. Therefore, the number of 


miles in a degree muſt always decreaſe as you 


go north or ſouth from the equator. This is 


cvident by inſpection of a globe, where the 
. parallels of latitude are found to be ſmaller: in 


proportion as they are nearer the pole. Hence 
it is that a degree of longitude is no where the 


ſame, but upon the ſame parallel; and that a 
degree of longitude is equal to a __ of 
latitude only upon the equator. 


The following TABL ſhews how a geo- 


graphical miles, and decimal parts of a mile, 


would be contained” in a degree of longitude, 


at each degree of latitude from the equator to 


the poles, if the earth was 2 perfect ſphere, and 
the circumference of. it's equinoctial | line 360 


degrees, and cach degree 60 geographical miles. 


This table enables us to determine the velocity 
with which; places upon the globe revolve eaſt⸗ 


ward ; for the velocity ãs different, according to 
the Antance of the places from the equator, ; 


being ſwifteſt as Paſſing through: 4 greater 


f] Pace, ang. fo by degrees Dower towards, the 


poles,as paſſing through a 0 ſpace in the ſame | 7 


time;- Nop as ever part o of the earth is moved 
through the ſpace PEO ciggumerence, or 3660 


AY 


8 | Ws degrees 


| 
— r 7 —— „ „„6 66 5 _— 
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Sa 24 hours; the ſpace deſcribed in one 
hour is found by dividing 360 by 24, which 
gives in the quotient 15 degrees; and ſo many 
degrees does every place on the earth move in 
an hour. The number of miles contained in 
ſo many degrees in any FILA is readily found 
from the table. i ir. diet 16 non on 
Thus under the equator ache revolve at the 
rate of more than 1000 miles in an hour; at 
Londap, at the tate neee miles in an ; 
_ Hour. r Df Ei 9bLtrerol! 180 6 1115 "7 Ke; 
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-nDeger Miles, 1! Da Milan. Da Mile, * 
8 . OO: 6 13 AF 1217 e 1 5 4%, | 
= e do 5 37066 35 2 5 5 | 
| 2 Ir, 5996. 3 iD... 36,73 0 36 77 8,54 od 1 
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VVT LAT. 

35 Deg. * Miles. _ | Deg. Miles. 4 Deg. Miles. 
„51 37. 65 25,30 79 17,46 
5a, 3694 66 124,42 do io 
53 36,11 67 23,45 81 9,38 
54 35,26 68 22,48 82 3,385 
, % » 09. %, 


56, 8355 e 2% Be 6,8" 


58 3% % 1 8 % 196 
1{$9#130,90 e 73 17 87 3.4 


60 3⁰.ůẽ,jũ 7A rss SN 


61 29,9 76 15,2 89 , ; 
62 28,17, 76 14,5 90 0,00 ,, 

e 3 a Ü 
_.6 630, , og 


7 · 
| Fre - 2 
4s 


* Another circuniſtatice which ariſes from this 


difterende of meridians i in rime, muſt detain us 


a little before we quit this ſubject. For from | 


this difference it follows, that if a ſhip ſails 
round the world, always directing her courſe 


eaſtward," ſhe will at her return” home find ſhe 


has gained one whole day of thoſe that ſtayed 
at home; that is, if they reckon i it May r, the 


ſhip's company will reckon | it May 7 if welt- 
Ward a day leſs, or April SSS 
This circumſtance has been taken notice of 


by . navigators. It was during our ſtay. at 


Miodlatlao (fays Capt. Dampier) that we were 
firſt made ſenfible of the change of time in the 
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far weſtward, keeping the ſame ot e with the 
ſun, we conſequently have gained ſomething in- 
ſenſibly in the length of the particular days, 
but have loſt in the tale the bulk or en of 
the days or hours. + 7 
25 According to the different W 8 of 
England and Mindanao, this iſle being about 
"2100: degrees weſt from the Lizard, the diffe- 
rence of time at our arrival at Mindanao, ought 


to have been about fou rteen hours; and ſo 


much we-ſhould have anticipated ou rreckoning, | 
having gained it by bearing the ſun company. 
Now the natural day i in every place muſt be 
conſonant to itſelf; but going about with, or 
inſt the ſun's courſe, will of neceſſity make a 


a difference in the calculation of the civil day, 


twee any. two places. Accordingly, at. Min-. 
FY and other places in the Eaſt Indies, we. 
und both natives and Europeans reckoning a 
day before us. For the Europeans coming caſt- 
rh by. 50 Cape of Good Hope, in A courſe 
ontrary ſun ar 1d. us, wherever, we met, 
were a 2 full Say before us.in their accounts... 
off Sq, among the Indian Mahometans, * | 
Fray. was Thurſday with us; though i it was 
Friday allo wich thoſe that ame 
Europe. 1; nie on 117 acne | 
«Yet at the Ladrone Abend we found the 
e of Guam keeping the lame computa- 
tion With ourſelves; the reaſon of which I take 
to be, that they ſertled that colony by a courſe 
35 veſt. 


e.caſtward, m 1 
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| weſtward from Spalk the Spaniards going 
firſt to 3 and thence to the. Ladrone 
iſlands.” | 
It is clear, from what has been Bi; in the 
firſt part of this article, concerning both latitude 
and longitude, that if a perſon travel ever ſo far 
directly towards caſt or weſt, his latitude would 
be always the ſame, Thou his e would 
be continually changing. 
But if he went directly north or ſouth, his 
longitude would continue the lang, bur his lati- 
rude would be perpetually varying. 5 
If he went obliquely, he would change both 
| his latitude and longitude. 
The longitude and latitude of places give 
only their relative diſtances on the globe; to 


diſcover, therefore, their real diſtance, we have | 


155 een b c e 1 


. 


1 x, 


Ap ts 5 given, to find the diſtance of 


that place . another, ir in a . Freſh of 
the earth. | 


We ſhall divide 5 8 into 8 <a 
Caſe 1. If the places lie under the ſame me- 
| ridian, Bring them up to the meridian, and 
mark he number of degrees intercepted between 
them. Multiply the number of degrees thus 
found e 605 and 8 will ; give the e Ander of 
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: geographical. miles between. the two. places. But 
if we would have the number of Engliſh miles, 
a the ere before found muſt be h by 
% 
; " Caſe 2. 1 If the oo lie 1 — 5 he equator. 
| Find their difference of longitude in degrees, 

and pe as in the preceding caſe, by 8 or 


Cafe 5 I he _ be B03 8 the 
ſame meridian, nor under the equator. - Then 


TE lay the- quadrant a of altitude. over the two places, 


2 


a 4 


* IP 1 D 


| and mark the number of degrees intercepted be- 

tween, them. Theſe degrees multiplied as 
Fg above-mentioned, will, VE: the, "ered aſs 
A £3. #30 RO Tr Wat) WoeſhioÞ e . | 

g {i dg 3 TY Benne g e 495 

N PARALLEL. SPHERE ĩs that polls ofthe : 
bs, in which the poles are i in their zenith and 
nadir, it's axis at right angles to the equator and 
Horizon, which coincide; ; conſequently, thoſe - 
circles which: are parallel ; to the equator, a are alſo 

Hel to the horizon. Ro eater Tx: ; 
"The inhabitants that anſwer 40 this bon 

- of the ſphere, if any there be, muſt live upon 

the two tetreſtrial poles, and will have but one 

ns and one 28 5 are 6, the ) yea 7, each fix 


88 when mg commences 88 5 the other 
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fix months. Thoſe who live under the ſouth 
pole, experience the direct contrary ; but both 
enjoy a long continuance of twilight, after the ſun 
has Com om them, and before he ap- 
again. 
For half a year, 5 8 of che pole 
ſee the ſun moving continually round above 
their horizon, in a kind of ſpiral line; when 
they firſt perceive him, he ſkims, as it were, 
their horizon, then riſes gradually higher, till 
he reaches the tropic, when he again deſcends, 
till he touches the horizon, when their ks and 
gloomy night begins. 3 

During their ſummer”: $ ky the; moon n appears 
to them in the heavens. only as a white cloud; 
in the winter, during her ſecond and third 
quarters, ſhe circulates above the horizon for 
_ ſeveral days, without ſetting, being a fortnight. | 
above, and a fortnight below the horizon. 
2 They can only ſee the ſtars in that hemiſphere 
1 between the pole and the equator ; during half 
a, year, none of them are viſible, being ſwal- 
lowed up, as it were, by the ſuperior light of the 
ſun. To them the ſtars never ſet, but move in 
circles parallel. to the horizon, keeping always 
: the ſame altitude. The planets, are half their 
ths Mi and half below, the horizon. 


VS 08? A RIGHT Spurns. 
A RIGHT SPHERE-is that in which the equator 
5 is at right angles to the horizon, and therefore 
e „„ 
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in/the NAY and ow and i in » which r the Peer, 
JJCCCEEETTCTC . 29 Sera lng 

The inhabitants n to this ſituation q 
of the ſphere, live under the” equator; their 
days and nights are of an equal length through, | 
out the cio e FRE of _ twelve el 
in length. eee ee Jad 

The ſun riſes and ſets ta 3 
he is half a year · on one fide their zenith, and 
as much on the ee e over it Twice a 
Vear at the equinoxes,” oY eo 

There is nothing e in e e 
ance of the. moon, but her riſing and ſetting; 
like the ſun; nearly in a perpendicular direction ; 
but there is to theſe inhabitants a moſt glorious 
diſplay of all the flars in the heavens, from 
pole to pole, all of them riſing and ſetting 
en e the! ebe which lie i in Wa 
Nor”. | Pa AIR 2 


e 


- 
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An e el tapr SPHERE is the pofirdeeEoahiniog® , 
10 all the inhabitants of the earth, except thoſe 
who live at the poles, and upon the equator, it 
is thus named, becauſe. the ne" "cues the" 
| he izon obliquely.” 
In this ſphere the axis of e erb 3 | 
males an acute angle with the horizon; the 
"ww" is half above g and half below it. 
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All the e to the equator. cut the hori- 
zon alſo obliquely, and thus make the diurnaf 
arches greater or leſs than the nocturnal ones, 
excepting at the time of the equinoxes. 
| Thoſe inhabitants of this ſphere, who live 
without the tropics, never have the ſun in their 
zenith; but under the tropics the ſun is vertical 
once, and betu cen the IO and A 
twice every year! « 

In this e fiſe and pebobliquely; 


and as the moon, when at full, is always in an 


oppoſite ſign to the ſun, ſhe is on the ſouth ſide 
of the equator in ſummer, and conſequently her 
altitude is low, and her courſe ſhort; but in 
inter, when at the full, ſhe is in the northern 
ſigns, making a high long s which 1 


ous 151 in mene ſeaſon... 
: 515 43 04-17 54 
85 Or THE Twuour.. 451 0 88 


een light which we have from che ſun be- 
L Kone it riſes, and e's it ſers, is e ves the C C1- 
| "LIGHT. + e N e | 
The morning Erith; does reak, com 
mences when the ſun comes within 18 degrees 
of the horizon, and continues till fun- 
The evening twilight begins at ſun-ſetting, a0 
continues till it is 18 degrees below the Horizon. : 
- To illuſtrate the cauſes of the various length 
of twilight in different places, a wire circle is 
fixed” FE degrees * the ſurface of the broad 


paper 


FA 


MA 


paper circle; ſo that n which are 
above the wire circle will have ne PAR ug it 
en, dark to all thoſe places below it. 

We have already obſerved, that it is ding 

o the atmoſphere, that we are favoured with 
ahe light of the:ſurrbefore he is above, and after 
he is below our horizon. Hence, though after 
lun: ſetting we receive no direct light from the 
- ſun; yet we enjoy it's reflected light for ſome 
time; ſo that the darkneſs of the * does f 
not come on ſuddenly, bat by degrees. 
In a right poſition of the ſphere the evitights 
are quickly over, | becauſe” the ſun riſes and ſets 


ls intaipeipantodabroburith wraibitite 
- ſphere they laſt longer, the ſun . riſing and ſet- 
ting obliqueiy: the greater the latitude of the 
place, the longer is the duration of the twi- 
night; ſo that all thoſe who are in 49 de- 


Pen of latitude have in the ſumer, near the 
ſolſtice, their atmoſphere enlightened the whole 


night, the twilight laſting, till ſun-riſing. __ 


In a parallel ſphere, the twilight laſts for Jer 
neal months; ſo that, the inhabitants of his 
© Folitiorvhayeither direct, or reflex light of the _ 

ſun nearly all the year, as will plainly Pear * 


3 VU} In 94112 250 wits e 3 
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ly motion of eck about it's 
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ſome of the moſt eſſential points 1 a begin= 
ner ought to have in view, we-ſhall now endea- 
vour to explain them by the globes ; and here, L 
think, the advantage of globes mounted in my 
father's manner, over thoſe e wind. Will 
be very evident. 1455 
We have already e . in 8 
mounted in our manner, the motion of the ter- 
reſtrial globe about it's axis repreſents the diur- 
nal; motion of the earth, and that: the horary 
index will point out upon the equator the 24 
hours of a di Wnt. rotation, or any part of 
chat time.. z iElef He to Hoi 5 a 5500 16 
We ſhall now e ee broad paper circle 
as the plane which diſtinguiſhes light from dark - 
5 neſs; ;, that i is, the enlightened. half of the —_— 
ſurface, from that which is not enlightenead. 
For when the ſun ſhines upon al globe, ted! | 
| ſhines only upon one half of it; that is, one half” 
- of the globe's dunkace 3 is ee by kim;ithe 
other not. 7 „ A Ott A s 
That the ee helf . 58 that half 
whith.; is above the broad paper circle, we muſt 
imagine the ſun to be in our ZK TT. . 
Or let a ſun be painted on the ceiling: o\ 
_ the texreſtrial globe, the diameten of the a Filters 
equal to the diameter of Damn Ri c 0 


paper gircle, will be — . 
"HG ant neee 
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And all places that are below this circle, will 
be out of the ſun's light; rhat wth in uſb r 
places it will be xB1enHr. e | ty 
When any place on the carth's nd cold 55 
to the edge of the broad paper circle, paſſing 
out of the ſhade into the light, the fun Al 25 
| pear xrSVO -at that place.” er ha 
And when a Place i is at the Gee ef ere 4 
2 n circle, going out of the light into the 
g ann n e at 5 Kan to 55 1 
. 5 PHE 
— view the glee? in this bees . a 
at once ſee the ſituation of all places in the ill 
minated hemiſphere, whoſe inhabitants enjoy 
the light of the day. One edge of the broad 
paper cirele ſhews at what place the ſun appears 
riſing at the sa M time. And the oppuſite edge 
1 _ ſe is "ROME: Me „„ | 
!!! is at REO G0 221i; W 
Ihe borary onde. 9 UE phage: place is 
moving from one edge to the other; that i is," 
| babe ts day” or e is at chat PRE”: 


: 
| 
{ 

' 
f 
| 
' 

N 
1 
} 
. 

[ 
! 
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| 
| 
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| ectify the terreſtrial Siebe, is to place it 
e e poſition in which our earth ſtands 
ange un; at all or an) given times. r 

That half of the earth's ſurface; e . : 
lighten oc is not aekan ewig * LS 


* l * 
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To rectify tʒen the terreſtrial globe, is to bring 


it into ſuch a poſition, as that the enlightened 
half of the carth's ſurface may be all —_— the 
broad paper circle. 


On the back ſide of the as braſs nia, 
a4 on each fide of the north pole, the months 
and days of the month are graduated in t -o 
concentric ſpaces, agrecable t to 2 gp 8 


of the ſun. 2 


Bring the day of the month that is i 
on the back ſide of the ſtrong braſs meridian, to 


coincide with the ERP PRO! circle, 2 and the 


globe is rectified. OUT. 625 to 


Thus ſet the arſe of May to coincide with the 


broad paper circle, and that half of the earth's 

ſurface which is enlightened at any time upon 
that day, will be all at once ahove the ſaid cirele. 
If the horary index be ſet to XII hen any 


particular place is brought under the ſtrong braſs. 
_ © meridian, it will ſhew the preciſe meek ad 


riſing and ſyn-ſerting at that place. 


37 It will alſo ſhew ho long any n in 
moving from the caſt to the weſt ſide of the 
illuminated , 85 n the: n * the 


day and night. Ray © 


It will 38 che eb of the w- | 
light; by ſhewing the time in which the place is 
paſſing from the twilight circle to the edge of TY 
the broad paper cirele on the weſtern ſide; rr 


e of Ai: n eaſtern ſide, 


from the ed 


oo | t 
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to the: twilight wire, and thus" er the 

length of the whole artificial dax. 

N. B. The twilight wire is placed at 1 18 den 

grees from the broad PART CHEN TINY DI 

We ſhall now proceed to exemplify upon the 8 

| globes theſe particulars,” at three different ſea- | 
. 'fors'of the year, viz.” the ſummer ſolſtice, the 
winter 'ſolftice, ' and the time or times of We 


12 % 


TT: tial 
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Jo place, che. clog in the ſame ſituation, with 
reſpect to the ſun, as our ee in at che 
time of the ſummer ſolſtice.” K 2rrrt't 
Nectif/ the globe to the extremity of the ail 

wiſions for the month of June, or 234 degrees 
anbrth declination ; that is, bring theſe. diviſions 
on the ſtrorig braſs meridian to cinα wag | 
me plane of the broad paper eirtle : 
\- n{/Thervthar Part of the arch. furficer which is 
within the northiern pblär circle, will be above 
the bread paper circle, and will bé in the lighs, 
und che inhabitants thereef III have ng" night. 
But üll that Pace which'is dfitained! within 
the ſoithetn polar cirele, will continue in the 
ſhikde:' thar is; it iII'tfiere Be cnιjmual night. 
_ * *In'this pöftion of the globe, the pupil will 
"obſerve "Row meh the diurnal arches of the 

Parallels of Lifftude dedreafe, a8 they are” more 

nore 4 info the eleced fade. _ 


Pd 
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i 


+ OF THE GLOBES, | 8 7 


426 any place be brought unden the F FLING 
braſs meridian, and the horary index. i is ſet; d: 
that XII which is moſt elevated, and the place 
be afterwards brought to the weſtern: ſide of the 
broad paper circle, the hour index will ſhew the 
time of ſun-riſing ; and when the place is moved 
to the eaſtern edge, the index. polite abe time 
of ſun-ſetting. | | 

The length of the day is abtamsd by the time 
ſhewn-by the horary index, while the globe 
moves frem the weſt to the eaſt ſide of the broad 


„nn "7555 5 e eee 


; Thus it will, be f ur 1 . at London the ſun. X 
riſes about 5 minutes before IV in the morn- 


ing, and ſets about 15 minutes after. VIII 5 


1 
f . 
* 
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= We alſo ſer, that at hel fuer time th ſun is 
riſing eee g riſing ab thef iſles of gacily: 
| 9018} 5 Js Juli -ab es A 
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London, it is ſetting ar che nen of f Madeira, 
And at Cape Horn 

And when the ſun is 8 at rs iſland of. 
Borneo, in the Eaſt Indies, it is riſing at F lorida, 
in America. And many other ſimilar circcum- 
ſtances relative to n e W it 


Wer inſpection.” ao 5 23 „„ 


" - 1 
* 0 
* ; £7 . 1 
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BY 


es PROBLEM. "Ee REY 


To explain the ſituation of the earth, wits re- 
ſpect to the ſun, . Ae time of the winter | 
| folftice. „5 55 
7 Neckify che globe to the . the 1 | 
viſions for the e werten Gg, or to 234 
degrees ſouth» decli nation. 
When it will be apparent ths the whole ſpace! 
within the ſouthern Polar cirele is in the fun's 
. * ight, and enjoys continual day: whilſt that of 
northern be Bak dr in the ſhade, and has 
continual nig. | 
© If the globe be turned . as pelorerhs. : 
| horary index will ſhow, that at theiſehcral places 
 beforg-mentioned their days will be refpedively. 
ne ir cher e at * ame of 
the fummer ſolſtice. I 
ns r- farther, chat it i des, k. 


eee pert oe 
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PROBLEM XILY 


To place the globe in the fituation of the ee, 
at the times of the egen | 


The ſun has no declination at the times of 
the equinox, conſequently there muſt be n no o ele- 
vation of the pole. 5 

Bring the day of the month when the ſun 
enters the firſt point of Aries, or day of the 
month when the ſun enters the firſt point of Li- 
bra, to the plane of the broad paper circle; then 
the two poles of the globe will be in that plane 
alſo, and the globe will be in the poſition which 
is called a rIGuT SPHERE. | + 
For it is a right ſphere when the two Dots 
are in the plane of the broad paper circle, De=" 
cauſe then all thoſe-circles which are parallel to 
the equator will be at right angles to that plane. 
If the globe be now turned from weſt to eaſt, 

it will plainly appear, that all places upon it's 
ſurface are twelve hours above the broad paper 

circle, and twelve hours below it; that is, the 
days are twelve hours long all over the earth, and 
that the nights are equal to the days, whence 5 
theſe times are called the times of equinox. . 

IT wo of theſe occur in every year; che firſt is | 
this autumnal, the ſecond the. vernal equinox. |. 
At theſe ſeaſons the ſun appears to riſe at the = 
_ fame Tun to oy pines that are on ache fame me- 
> ridian, 


2 


* 
* 8 
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ridian. The ſun ſets alſo at the ſame time in 
all thoſe places. 

Thus if London and Mundford, on the gold 
chat be brought to the ſtrong braſs meridian, 
the graduated ſide of which is in this caſe the 
horary index, and they be afterwards carried to 
the weſtern edge of the broad paper circle, the 
index will ſhew that the ſun riſes at VI at both 
Places; when they are carried to the eaſtern 
edge, the index Points to VI for the time of ſun- 
IE: 

N. B. If London be not 1 given place, the 
NR index i is to be ſet to the moſt elevated XII, 
while the place is under the e edge of 
"hs ſtrong braſs meridian. |. 

The following cixcuraſtances,. ahich, uſually | 
\ attend the four cardinal. diviſions of the year, 
cannot be better introduced chan at this place. 
A the time of the equinoxes, when the ſun 

paſſes from one hemiſphere into the other, there 

is almoſt conſtantly ſome diſturbance in the 
. wather; the winds are then generally higher: 

at the vernal equinox they are for the moſt part 
_ eaſterly, cold, dry, and ſearching. The ſolſtitial 

point of the ſummer ig often diſtinguiſhed by 
walent rains, and What we call a midſummer 
flood. The winter being leſs rainy than the 
_ Hummer, nothing particular happens at the win- 
N troſts e ſet in 


3.65 more 


£7 a 
| 5 
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more fonts with ſome Tory of ſnow upon 
the ground. | 


Or THE ARTIFICIAL, OR TERRESTRIAL Hok1Zon. 


The braſs circle, which may be ſlipped from 
pole to pole on the moveable meridian, has been 
already, deſcribed, page 245. The circumfe- 
rence of it is divided into eight parts, to which 
are affixed the initial lefters of the mariner's 
compaſs. | 

When the center of i it 1s ſet to any particular 
lace, the ſituation. of any other place is ſeen, 
with reſpect to that place; that is, whether they 
be eaſt, weſt, north, or ſouth of it. | 

It will, therefore, een the horizon of 
: that place, | 

We ſhall here uſe this artificial Fake izon,/ to 
ſhew why the ſun, although he be always in one | 
and the ſame place, appears to the inhabitants 
of the earth at different altitudes, and in ns | 
ent azimuths, ; 7 


\ „ 
CCC 


To exemplify the ſun's: altitude, as obſerved 
with an artificial horizon. | 


a The altitude of the ſun i is greater or leſs, ac- 
- cording as the line which goes from us to the 


ſun. is nearer to, or farther off from our horizon. 


Lt the moveable cingle be applied to any 


l 


4 
1 
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place, as London, then will the horizon of Lon- 
don be thereby repreſented. Tp 
The ſun is ſuppoſed, as before, to WA in the 


Z zenith, that is, directly over the terreſtrial globe. 


If then from London a line go vertically up- 


wards, the ſun wilt be ſeen at London in that line. 


woe"? 


At ſun-rifing, when London is brought to the 
weſt edge of the broad paper circle, the ſuppoſed 
line will be parallel to the artificial horizon, and 
the ſun will then be ſeen in the horizon. 

As the globe is gradually turned from the weſt 
towards the eaſt, the horizon will recede from 
that line which goes from London vertically 
upwards; ſo that the line in which the ſun is 
ſeen, gets further and further from the horizon; 
. is, the ſun's altitude increaſes. graduallß. 

When the horizon, and the line which goes 
| frown London vertically upwards, are arrived at 
' the ſtrong brafs meridian, the ſun is then at his 
greateſt or meridian altitude for that day, and 
the line and horizon are at the largeſt angle they 
can make with each other. oh 

| After this, the motion of the globe being con- 
tinned the angle between the artificial horizon, 


and the line which goes from Eondon vertically ' 


_ upwards; continually decreaſes, until London 


arrives at the eaſtern edge of the broad paper 


circle; it's horizon then becomes vertical again, 
8 AE to the fea which goes vertically 


* 


e | _ - upwards. 
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upwards. The ſun will again appear in the 
TOTS will ſet. 


PROBLEM XV; 


Of the ſun's meridian altitude, at the three 
Yer? | different ſeaſons. | 


Rectify the globe to the time of the winter 
folſtice, by problem x11. and place the center of 
the viſible horizon on London. 

When London is at the graduated edge of ths 
ftrong braſs meridian, the line which goes ver- 
tically upwards makes an angle of about 15 de- 
grees; this is the ſun's meridian altitude at that 
ſeaſon; to the inhabitants of London. 

If the globe be rectified to the times of equi- 
nox, by problem xii. the horizon will be farther 
ſeparated from the line which goes vertically 
upwards, and makes a greater angle therewith, 
it being about 387 degrees; this is the ſun's 
| meridian altitude, at the | time of equinox at 
London. ME e 8 
Again, rectify to the ſummer ſolſtice by W's | 
xi. and you will find the artificial horizon recede 
farther from the line which goes from London 
vertically upwards, and the angle it then makes 
is about 62 degrees, which ſhews the ſun's me- 
ridian altitude at the time of the ſummer ſolſtite 
Hence flows alſo the following arithmetical 


OD noon ASSIIIITL SE 
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To find the fury s meridian Aled e 


Add the ſun's declination to the elevation of 
the equator, if the latitude of the place, and the 
85 declination of the ſun are both on the ſame ſide. 
If on contrary ſides, ſubtract the declination 
Pais the elevation of-the equator, and. you ob- 
| : - tain the ſun's meridian altitude. 8 
TO! the elevation od 225 e at 
London is r 13 5 28 
5 The ſun's declination on n the” Lem ns 5 
70 May GETS AT GR 


49 — — 


85 Their if, the fu $ meridian Sas 5 


8 B A\ 4 = 
| Again, to. os FLEE, of the equator 38 880 55 
8 777 Re 28 
Add: the ſun” $ greateſt declination at hes | 
_ rimeofthe ſummer ſolſtice 8 2 3 29 | 
„„ 
The The ſim 1s the ſun s greareſt meridian ” 
al titude a London . he 577 
nd enn : 1 FFF 
sli n e | e 


Of: the + fs ama, as. eee with che 5 


8 ! artificial horizon. ET 
The artificial horizon ſerves alſo to get rmin 
we fun: $ azimuths, = | 
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An AZIMUTH of the ſun is denominated from 


that point of the horizon, to . he n or 
a line going to the ſun, is neareſt. | 


- 


Thus if the fun, or a line going to 1 am 
be neareſt the ſouth-eaſt point of the horizon,” 
which. point is 45 degrees diſtant from the me- 
ridian, the ſun's azimuth is an azimuth of 45 
degrees, and the ſun will appear in the ſouth-eaſt, 


Imagine the ſun, as we have ans before; te = 


be placed directly over the globe. ws 
In which caſe, a line going to the ſun ohr 


any place on the ſurface of the globe, will have 


a vertical direction, and will go from r place: 


vertically upwards. 


If then we-apply the Srificial Word to an 
place, the point of this horizon to which a ver- 
tical line is Ry thews the fan's armutfr at" | 
that time. | 205 
It is oberen bes n of 15 1 7 | 
to which ſuch a vertical line is neareſt, will be 
at all times that point which is moſt elevated. 
To exemplify this, let the globe be in the 


poſition of a right ſphere, and let the EINE 
horizon be applied to London. e 


When London is at the weſtern etlge of N 
| broad paper circle, which' ſituation repreſents 8 
the time when the ſun appedrs*to'rife, the eaſt- 
ern point of the artificial horizon being chen 
5 ee en . the kae his f 3 
e 2 Mo DO 
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Turn the globe, till London comes to the 
3 edge of the broad paper circle, tlien the 
vuveſtern point of the artificial horizon will be 
moſt elevated, n that * ſun dots: gue 
weſt. 
0 Gus Now . the FE in the 2 el af an hs | 
| lique ſphere; and if London be brought to the 
eaſtern or weſtern ſide of the broad paper circle, a 
the vertical line will depart more or leſs from 
the eaſt and weſt points, in which caſe _ im. 
is faid to have more or leſs aMpLITUDE, 
e departure be northward, it is 00 
northern amplitude; if ſouthward, it is on 5 
ſouthern amplitude. 
In whatever poſition tie lobe Med, * 5 | 
8 | London comes to the ſtrong braſs meridian, the 
moſt elevated part of the artificial borizon will 
be %%% G ĩ ĩ nts angie 
. 17 Which ſhews that at non the ſun will always, | : 
andi in all ſeaſons, appear: in the ſouth. e 


Or. rut ANCIENT Divisions or THE: EAuru 
„ "INTO Zoxrs AND CLinaTes. | 


We „„ 

YR was a term uſed by the- ancient aſtro- | 
nomers to expreſs a diviſion of the earth, Which, 
* the marking down the latitudes of coun- 
tries into e and, minutes were in uſe, ſerved 
5 them 5 


— * - *Y 
* . 
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k $2424 ; ** n 15 ELL 7 (£6 $2 ts ) FIT” BP <>... 


767 obs 11 bor dt ten aa le” eee this 
view of things, ever to be Sevatng above the agen wy: : 
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them for diyiding the earth into certain por- 
tions in the ſame direction, ſo as to ſpeak of any 
particular place with ſome degree of n 
though not with due preciſion. EF 
It was natural for the earlieſt obſervers to re- 
mark, for one of the firſt things, the diverſity 
that there was in the ſun' $ riſing and ſetting: it 
was by this they regulated what they called cli-- 
mates; which are a tract on the ſurface of the 
earth, of various breadths, being regulated by 

the different lengths of time between the 15 

and ſetting of the ſun in ere in l 
5 e places. > 26 4 

From the equator, to Fa: latiride 663 0105-7 

and ſouth, a climate is conſtituted by the differ- 
ence of half an hour in the length of the longeſt 
day, and this is ſufficient for underſtanding the 
ancients. Between the polar circle and the pole, 
tde length of the longeſt day, in one parallel, 
exceeds the length of the longeſt in the next by 
a month: Hut: f theſe the ancients knew nothing. 
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Zones is anichos divifion of the re s ſurface 
uſed by the ancients that part which the ſun 
Paſſes over in a year comprehending 234 de- 
grees on each ſide the equator, was called by 
the ancients the torrid zone. The two frigid 
Zones ate contained between the polar circles. 


Between the tortid and the two frigid zones — | 


contained the. r . 


about 43 degrees broad. Cl ra 1 
Ex "The ktitude of a dv being the 8 ins. 1 
'pofition with refpeck to the ſob, may be cc. 
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fdered as a general index to. the temperature of 
the climate: it is, however, liable to very great 
exceptions; but to deny it abſolutely, would be 
to deny that the ſun is the ſource of * and 
heat below. | 

Nothing can be more biceons e 
than the pictures which travellers preſent us of 
the polar regions; the ſeas ſurrounding inhoſ- 
pitable coaſts, are covered with iſlands of ice, 
that have been increaſing for many centuries : 
ſome of theſe iſlands are immerſed ſix hundred 
feet under the ſurface of the ſea, and yet oſten 
rear up alſo their icy heads more than one hun- 
dred feet above it's level, and are three or four 
miles in circumference. The follow ing account 
will give ſome idea of the ſcenery produced by 
arctic weather. At Smearingborough- Harbour, 
within 15 degrees of the pole, the country is full 
of mountains, precipices, and rocks; theſe are 
covered with ice and ſnow: in the vallies are 
hills of ice, which ſeem daily to accumulate: 
theſe hills aſſume many ſtrange and fantaſtic ap- 

pearances; ſome looking like churches or caſtles, - 

ruins, ſhips in full fail, whales; monſters, and all 
the various forms that fill the univerſe :-there-are 

ſeven of theſe ice-hills, which are the higheſt in 

the country; | when the air is clear and the ligt 
| ſhines full upon them, the proſpect is incon 
ceivably brilliant; the ſun is reflected from them 
Wann 3 ſometinacs they appear of a bright. | 


hue, 
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| hue, like ſapphire ; ſometimes; e with ES” 
the glories of the priſmatic colours; exceed- 
=” ing, in the magnitude of luſtre and beauty of 
' colour, the richeſt gems in the world; diſpoſed 
in ſhapes wonderful to behold, dazzling the eye 
with the brilliancy of it's ſplendor. At Spitſ- 
bergen, within 10 degrees of the pole, the earth 
is locked up in ice till the middle of May; in 
the beginning of July the plants ate in flower, 
and perfect their ſeeds in a month's-. . 
though the ſun is much more obligt 
higher latitudes than with us, his long conti- 
nuance above the horizon is attended with an 
accumulation of heat exceeding that of many 
places under the torrid zone; and there is reaſon 
to ſuppoſe, that the rays of the ſun, at any given 
8 am e ee of heat in the 
enſed air of the polar n wen the 
| thinner air of this climate. r 
Vet, if we look for heat, and PR as . 
effects of it, we muſt go to the countries near tjñe 
ors: ns We ſhall 2 15 are 2 | 
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all eee upon ry larger ale thay. in the 
 kemperato climates; their days are burning hot, 
in ſome parts their nights are piercing cold; 
their rains laſting and impetuous, like torrents; 
their des exceſſive, their thunder and light- 
niag more frequent, terrible, and dangerous; the 


E ſoil, and 1 forms it into 
mm | a ſandy. 
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a fandy deſert; while it quickens all the moiſter Z 


tracts with incredible vegetation. 

The ancients ſuppoſed that the frigid zone 3 
uninhabiratle from cold, and the torrid from the 
intolerable heat of the ſun; we now, however, 
know that both are inhabited; the ſentiments of 


the ancients therefore, in this reſpect, are a proof 


how inadequate the faculties of the human mind 
are to diſcuſſions of this nature when unas 
aeg by face Gs 


RET PROBLEM XVI... 1 

To illuſtrate the ancient diſtinction of different. 

places on the earth, according to the diverſity. 
of the ſhadows of upright bodies-at noon. 


When the ſun at noon is in the zenith of any | 


place, the inhabitants of that place were by the 


ancients called Ascii; that is, without ſhadow ;- 
for the ſhadow of a man ſtanding upright, when 
the ſun is directly over his head, is not extended 


beyond that part of the earth which is directly 
under his body, and therefore will not be viſible: : 


As the ſhadow of every opake body is extended ] 


"Hou the ſun, it follows, that when the ſun at 


noon is ſouthward from the zenith of any place, 
the ſhadow: of an inhabitant of that place, and 
indeed of any other vin body,” is ene 0 
wards the north. eie 1 + > 


But when the FL? is 3 fron! the zenith. 


9 TOY 1 8 the ſhadow falls towards the ſouth. 
Es Thoſe | 


— 


A 
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- Thoſe are called ampniIsc11, that have both 
kinds of meridian-ſhadows. _ 1 

Thoſe whoſe meridian ſhadows are adi pro- 
jected one way, aretermed HETEROSCLH.  _ 

Rectify the globe to the ſummer ſolſtice, and 

move the attificial horizon to the equator, the 
north point will be the moſt elevated at noon. 

Which ſhews, that to thoſe inhabitants who 

live at the equator, the ſun will at this ſeaſon 
appear to the north at noon, and their ſhadow 

vill therefore be projected ſouthwards. | 

But if you' rectify the globe to the winter 
ſolſtice, the ſouth point being then the uppermoſt 
point at noon, the ſame perſons vill at noon have 
the ſun on the fouth ſide of them, and will ow 
ject their ſhadows northwards. Tin 
+ + Thus they are amphiſcii, 8 their ſhade 
boch ways, which is the caſe of all the * 
dan within the topics  o// 

[> The artificial horizon remaining as 8 | 
N the globes to the times of the equinox, 
and vou will find that when. this horizon is 
under the ſtrong braſs meridian, a line going 
vertically upwards will be perpendicular to it, 

and conſequently the ſun will be directly over 

aſcii, having no noon ſhade; their ſhadow is in 

the mn ee 0 an in 8 
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The ſame thing will alſo happen to all the 
inhabitants who live between the tropics of 
Cancer and Capricon, ſo that they are not only 
aſcii, but amphiſcii alſo. . 

| Thoſe who live without the: den are bete | 
roſcii; thoſe in north latitude have the noon 
ſhade always directed to the north, while thoſe 
| in ſouth latitude have it en proj jected to the 


 fouth. 
The 3 of the polar circles a are alia 


PERISCIT, becauſe as the ſun goes round them 
nn their Sade goes round them like- | 
wiſe. WIE ES: 5 5 25 


PROBLEM xix. „ 


3 


of the ; ANTECT, PERIGECT, 1 ANTIPODES., 


Abele terms deing often mentioned Wee 
e writers to expreſs the different 
ſituation of parts of the globe, by the relation 
which the ſeveral inhabitants bore to one ano- 
ther; it will be e, to take G 8d notice 
of them. . Z ED = 

The ANTGECI are two toad which a ate in or 
near the ſame meridian, the one in north, 
other! in ſouth. ine 

They have therefore, | \ the fame bat. 
fg not the ſame latitude Cs oppoſite ſeaſons of 
1 year, but the ſame hour of the day ; ; the days 


of. che one are . to > Bag nights of the other, 
LEES 23 And 
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and vice verſa ; din the days of the one are at 
the longeſt, they at&ſhorter at the other. 
When they look towards each other, the ſun 
ſeenis to riſe on the right hand of the one, but 
on the left of the other. They have different 
poles elevated, and the ſtars that never ſet to the 
one, afe never Teen by the other. 
Price are alſo two pin nations, ftua- 
ted on the ſame parallel of latitude. 7 
SP hey have, therefore, the ſame Aatirude; bur 
differ 180 degrees in longitude ; the ſame ſea- 
Tons of the year, but oppoſite hours of the day: 
for when it is twelve at night to the one, it is 
twelve at noon with the other. On the equi- | 
noctial days, the ſun 1 1s 1 to _ outs it . 
y ny: to the other. 5 88 
ANTI PODES. are two nations gumenricaly; 55 
P i which have oppoſite ſeaſons and laticude, 
oppoſite | hours and longitude. 5 | 
+, The, ſun and ſtars riſe to the one, when they | 


N 1 to the other, and that during the whole N 
Tos they have the ſame horizon. 


The gay of the; one is the night of Fe — 
a when the day 1s. longeſt with Ln one, the . 


other has it's ſhorteſt day. 


They, haye contrary ſeaſons at 1 5 Gs time; — 


different. poles, but equally elevated; and thoſe 8 


ſtars that are always above the horizon of one, 


are always under tie horizon of. the other. 95 


0 "Ln * theſe particulars, * the 


ben 
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given place to the ſtrong braſs meridian ; then 
in the oppoſite hemiſphere, and under the ſame 
degree of latitude with the bs nile g wo f 
will find the anteeci. | 
The given place remaining — the meri- 
tian, ſet the horary index to XII; then turn the 
globe, till the other XII is under the index, then 


will you find the periceci under the ſame degree = 


of latitude with the given place. | 
Thus the inhabitants of the ſouth part of | 
| Chili are antœci to the people of New England, 
whoſe pericci are thoſe Tartars WO dwell on 
the north borders of China, which Tartars have 
the faid inhabitants of Chili for their antipodes. 
This will become evident, by placing the 


155 globe in the poſition of a right ſphere, and 


5 bringing thols: ame... of the broad 
NOOR.” | 


332 PROBLEM XN, 


The day of the month being PEACE to find all | 
thoſe places on the globe, over whoſe zenith 
- the ſun will paſs on that day. 


" Redtify the terreſtrial globe, by bringing the 
given day of the month on the back fide of the 
„„ ſtrong braſs meridian, to coincide” with the plane 


of the broad paper circle; obſerye the number | : | 


of degrees of the braſs nieridian, which corre- 
POL to the ren day of the month. JG; 


\ 


; w_ DESCRIPTION AND, USE: 


#1} 


This number of degrees, cou DEW? from the ö 
equator on the ſtrong braſs meridian, towards the 
elevated pole, is the point over which the ſun is 
vertical ; and all thoſe places which paſs: under 
this point, N the ſun as vertical. on the | 
| given day. Fe 

af" ere 8 the not Mann to Aae 


* 0 the plane of the broad paper circle, and the 


1 


Ws 
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faid plane will cut 18 degrees for the elevation 

of the pole, which is equal to the. ſun's declina- 
tion 'for that day, which being counted on the 

ſtrong brafs meridian towards the elevated pole, 
is the point over which the ſun will be vertical; 


and all places that are under this degree, will 


Ave. * dun an Me. zenith on TR: 11th of | 
gi Br 3 a 5 eee is 8 =» h 
the latitude of any place in the torrid zone, the 
ſun will be vertical to thoſe inhabitants that . 
day; which furniſhes us with another method | 
of e chis problem. C00 _ 
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furt, e of i 5 85 after, 5 


7 82 * n „ 
. 0 * If # a * - 4 4 
3 . a. N 
45 5 * g * 
I , . - 3 Pl 
g Fog 4 * — F — Wy ny 3 
” þ , . Be 1 5 3 8 0 5 . Sy x, NY 4 * 7 5 
; AJ * N $ 4 5 Th: 2 * * as . Fo 3.5 I n * 
* > Ws Ba * * : ” oe . 4 
* . * 5 o 
3 7 : - - 
pf F 4 a g 
5 0 4 _ 
4 * 
” — 
* x 


or THE GLOBES. | 307 


If it be the firſt year after biſſextile, thoſe di- 
viſions to which the numbers for the days of the 
- month are affixed, are the diviſions which are to 
be taken for the reſpective days of each month 
of that year at noon; oppoſite to which, in the 
circle of twelve ſigns, is the ſun's place. 
If it be the ſecond year after biſſextile, the 
firſt quarter of a day backwards, or towards me -- 
left hand, is the day of the month for that year, 
againſt which, as before, i is the ſun's place. 
Ik it be the third year after" biſſextile, then 
three quarters of a day backwards.is the day of 
the month for that hows, wah to which | is LANE : 
ſur's place. 5 
If the year in which you ſeek the fury 8 st 
ER biſlextile, then three quarters ofa day back- 
wards is the day of the month from. the 1ſt of 
| January to the 28th of February incluſiye. 
The intercalary, or 29th day, i is three-fourths of 
a day to the left hand from the 1ſt of March, 
EP and the 1ſt March itſelf one quarter of a day : 
5 forward; from the diviſion marked 13 and ſo 
1 for every day in the remaining part of the 
175 | leap- year; and oppoſite: l to Te Bos” is 
the ſun's place. . | 0 
In this manner the interc IC: ary ay i is very 
"tb introduced every fourth year intothe calen- 8 
dar, and the ſun's place very wane: 9 
dir 4 to o the N Ea rcoras 0 
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wee dale e dic + 


179 Third „ 
7 Upon my Ma 8 e ehe are twenty- 
1 8 parallels, drawn at the diſtance, of one 


tor, which with TWO: other parallels at 2 23¹ 4g: 
. diſtance, include the ecliptic circle. 
The two outermoſt circles are called, the | 
tropics; that on the north ſide of the equ⸗ or is 


auth ſide che tropic of Capricorn. 
; Nau as the ecliptic i is inclined to 3 


— 


—— — — . — T[—I——— — — ß —E—ä4—ä4ä— ñ 


the month upon the broad paper circle an- 
days. on which the ſun paſſes directly over their 
their two midſummer days, 


| 

| 

| __ parallelstothe equator, which are therefore aptly” 
ll 1 repreſented by the above-mentioned parallel cir- 


which 
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degree from each other on both ſides the equa- | 


called the tropic of Cancer, that which is on a : 


3 is uſual to call the ſun's 1 och ; 


„% rat fn dine ples.) hon 47. 


ii in angle of 231 degrees, and. is included be- 

7 1 tw-een the trapicg. every parallel between theſe ; 

th muſt croſs the ecliptie in two paints, which two | 
points ſhew the ſun's place when he is, vertical 
5 da che inhabitants of chat parallel; and the das 


Ff 5h i 
. .to: thoſe, points of the ecliptic, are the 


: heads at noon, and which are ſometimes called = 


| ”_ Sad his 1 25 is N a ſpiral line, 


OF THE GLOBES. 309 

hich he is continually deſcribing all the year, 
appearing to move _ about a Ne: in 129 

rl | | 1 


PROBLEM XXII. 


| To find the ſun's declination; and 3 the 
parallel of latitude correſponding thereto, 


Find the ſun's place for the given day in the 


broad paper circle, by the preceding problem, 
aad ſeek that place in the ecliptic line upon the 


| globe; this will ſhew the parallel: of the ſun's 


declination among the above-mentioned dotted 
lines, which is alſo the correſponding parallel of 
Jatitude; therefore, all thoſe places through 
which this parallel ' paſſes, have the ſun in FRE 
zenith at noon on the given day. : 
- - Thus onthe 23d of May the ſun's declination - 
will be about 20 deg. 10 min.; and upon the 
23d of Auguſt it will be 11 deg. 13 min. What 
has been faid in the firſt part of this problem, 
with: am MS een to the OI of the _ 
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N 5 PROBLEM pe | 
| To find the two days on which the ſun is in the 
..zenich of any given place that'is ſituated be. 

tween the two tropics. : | 
That: parallel. of declination which 1 N 


ag the given place, will cut the e 
; . 3 5 n | 
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line upon. the globe in two paints, which denote 
the ſun's place, againſt which, on the broad 
Paper 8 © are the ng and months 55 Weds 


PROBLEM XXI. 


Abe ar and hour at any ite ing nn, 
” lt where the ſun is vertical at that time. 


-- ReQtify the globe to the day of the month, 
ws -Page 284, and you have the-ſun's declina- | 
tion; bring the given place to the meridian, 
and ſet the hour index to XII; turn the globe, 
till the index points to the given hour on the 
equator; then will the place be under the Owe” 
66 the declination previouſſy found. | 

Let the given place be London, A time 
the 11th day of May, at 4 min. paſt Vin the 


8 $4 afternoon ; bring the 11th of May to coincide 
| with. the broad paper circle, and oppoſite to ĩt 95 


yo will find 18 degrees of north declination; 


— : London is the given place, you have only to 
turn the globe, till 4 min. paſt: V weſtward of 
1 is on the meridian, when you will find Port- 
Royal, in Jamaica, under the i 8th degree of 


the meridian, which is the e where the un 
is vertical a at t that time. | 


. a : 
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| PROBLEM XXV, OE, 


The time of the day at any one place bling 
sf o find all: 1 2 where at the 
| _ fame 
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Fame inſtant the ſun is riſing, ſetting, pond on 


"the. meridian, and where he is vertical; 
likewiſe, thoſe places where it is midnight, 
twilight, and dark night; as well as thoſe 
places in which the twilight is beginning 


and ending; rand alſo to find the ſun's alti- 


| tude at any hour in the illuminated, and 


. depreſſion i in the obſcure, hemiſphere. 5 
; Rectify the globe to the day of the month, : 


on the back fide of the ſtrong braſs meri dian, 
and the ſun's declination for that day; bring 


the given place to the ſtrong braſs meridian, 


and ſet the horary index to XII upon the equa- 
tor; turn the globe from weſt to eaſt, until 


the horary index e to the 12 55 time. | 
Then 5 * 
All thoſe 25 which lic i in the plane of the 


weſtern ſide of the broad paper. circle, ſee the 


© ſun riſing, and at the fame time thoſe on the 
eaſtern fide of it ſee him ſetting. - 


It is noon to all the inhabitants of theſe 
places under the upper half of the graduated 
ſide of the ſtrong braſs meridian, whilſt at the 
fame time thoſe. under- the lower half have mid- 
Ries 5 | | 

All thoſe places w bie 3 © between the upper 
ſurface of the broad, paper cirele, and the wire 
circle under it, are in the twilight, which be- 


N to al thoſe places on the weſtern ge that : 


— * 
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are immediately under the wire cirele] it ends 
at all thoſe which are in the ener 
circle: . 

The contrary 1 on the 8 fide; : 
the twilight is juſt beginning to thoſe places in 
which the ſun is ſetting, and it's end 3 is at the 

place juſt under the wire circle. «ef, 
And thoſe places which are han the t twi⸗ 
light wire circle have dark night, unleſs * 
man is favourable to them. CON, | 

All. places in the illuminated . 
have the. ſun's latitude equal to their diſtance 
from the edge of the enlightened diſc, which is 


5 known by fixing the quadrant of altitude to the _ 


zenith, and laying 1 it's graduated Woes over any 
5 particular place. | 

A | The ſun's depreſſion i is mines i in the 1 | 
manner, by * the center of the en t 
= eb EM XXVI. eee 

To find all thoſe places within the e polar direc, 
j on which the fun begins to ſhine, the time he 
ines conftantly, when he begins to diſap- 
pear, the length of his abſence, as well 
as the firſt and laſt day of his appearance 
to thoſe inhabitants; the day of the e | 
or latitude of the place being given. | 


. Bring the given day of the month on the t b: ay b 
be of the ROY brafs rs to the plane 
of 


* 


Py 


Fat 
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of the broad paper circle; the ſun is juſt then 
beginning to ſhine on all thoſe places which 
are in the parallel that juſt touches the edge 
of the broad paper circle, and Will for ſeveral 
days ſeem to ſkim all around, and but a little 
above their horizon, juſt as it appears to us at 


5 it's ſetting ; but with this obſervable diffe- | 


rence, that whereas our ſetting ſun appears in 
one part of the horizon only, by them it is 


ſeen in every part thereof; from weſt to ſouth, 


thence eaſt to north, and ſo to weſt again. 
Or if the latitude begiven, elevate the globe io 
that latitude, and on the back of the ſtrong braſs 


' meridian, oppoſite to the latitude, you obtain the 


day of the month; then all che vides, eee 
are anſwered as above. 5 

As the two concentric ana #hich\contgia 
the days of the month on the back fide of the 
ſtrong braſs meridian, are graduated to ſhew the 
oppoſite days of the year, at 1 80 degrees diſtance; 


when the given day is brought to coincide with 


the broad paper circle, it ſhews when the ſun 
begins to ſhine on that parallel, which is the firſt 
day of i Ir 's An, W _ . of that 
para . + Hos 
And the plane of this 1 8 1 cuts 
the day of the month on the appofite concentrie 


ſpace, hen the fun begins to e 9 


1 4 
1 1 FLW 16 ot o Fx 
7 , 7 4 > 3 ME Wi Pp * Y : 
nhablgns:! 4+) 3% 947 Hr 00S abs 126. 
— g 2 : 4 : 
4 8 4A * p > 7 ” , *: =. : 7 © 5 
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he length of the dungen day 4 (nine 

N by reckoning the number of days between the 

8 two oppoſite days found as above, and their 
b difference from 368 eh = Pena of their 
ES ray ee 
a 3 42 2 ²˙ ON Tog . 4 
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To make uſe of the globe as a 1 or that 
” kind of orrery which is chiefly intended to 
' Nuftrate the phznomena, that ariſe from the | 
_, annual and diurnal motions of the earth. 


Deſcribe a circle. with chalk upon the * 
: 28; large as as the room will admit of, ſo that the 
globe may be moved round upon it; divide this | 
: circle i into twelve parts, and mark them with the 
characters of the twelve ſigns, as they are en- 
gerayed upon the broad paper circle; placing 95 
= at the north, N at the ſouth, Y in the caſt, and 

D in the weſt the mariner's compaſs: under the 
_ _ globe, will dire, the ſituation of theſe: points, 
if the variation of the magnetic ene Waere. 5 

| Hed 0 91214 Lale: 11 i 112 6 3859 

Note, At Son he variation is Rh, 23 
and 24 degrees from the north weſtward. | f 
5 Elevate the north p le "of - the globe, ſo that 
558 degrees on the ſtrong braſs meridian may 
roincide with tho ſurface of the broad paper cir- 
* and this _ will mn. 5 e 


— 


: 7 
be 6 1 « 
* 
7 3 & 
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of the nOLIPTIC, or a muy eB wich ahes 
earth's orbit. $53. | 
Set a ſmall ws a Kool; over eee 
the chalked circle, to repreſent the ſun, and place 
the terreſtrial globe upon it's circumference 
over the point marked V, with the nortk pole 
facing the imaginary ſun, and the north end of 


the needle pointing to the variation; and the 


globe will be in the poſition of the earth with 
reſpect to the ſun at the time of the ſummer ſol- 
ſtice, about the 21ſt of June; and; the earth's 
axis, by this rectification of the globe, is incli- 
ned to the plane of the large chalked circle, as 
| well as to the plane of the broad paper circle, 
in an angle of 661 degrees; a line, or ſtring. 
paſſing from the center of the imaginary ſun to 
' that of the globe, will repreſent a central ſolar 
ray connecting the centers of the earth and ſun: 
this ray will fall upon the firſt point of Cancer, 


| An deſcribe that circle, ſhewing it to be the 


ſun's place upon the terreſtrial ecliptic, which . 
is the ſameè as if the ſun's place, by extending tde 

firing, was referred to the oppoſite ſide of the 
chalked circle, here ER the earth's * 

in the heavens. 

If we conceive; a e Hoes rough bs 
center of the globe, and the ſun's center, it wilt 
Allo paſs through the points of Cancer and Ca- 
_ -  pricorn, in the terreſtrial and celeſtial ecliptie; 

the central ſolar ray, in this poſition of the 

KH COS , 6-6 2 | 


— 
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_ earth; is alſo in that plane; this can never hap- 
pen hut at the times of the ſolſtice. 6 
If another plane be conceived to paſs through 
the center of the globe at right angles to the cen- 
_ tral ſolar ray, it will divide the globe into two : 
| hemiſpheres ; that next the center of the chalked 
circle will repreſent the earth's illuminated diſc, 
the contrary ſide of the ſame plane will at the 
Tas time ſhew the obſcure hemiſphere. 
The reader may realize this ſecond plane by | 
cutting away a ſemicircle from a ſheet of card 
paſte- board, with a radius of about 14 tenth of 
an ineh greater than that of the globe irſclf,* s 
If rhis plane be applied to 664 degrees upon 
the ſtrong braſs meridian, it will be in the pole of 
the ecliptic; and in every ſituation of the globe 
round the circumference of the chalked circle, i Tt 
will afford a lively and laſting idea of the various 
| phenomena ariſing from the paralleliſm of the 
earth's axis, and in particular the daily change of 
the ſun's declination, and on 2 855 . i . 
ſcribed. | 1 
5 1 the bebe coat frob ee 
he needle pointing to che variation as before, 
| Gy preſerve the paralleliſm of the carth's axis: 
then it will be plain, that the ſtring, or central 
ſolar ray, will fall upon the firſt point of Leos 
fix br ok ons from, e SCE to the bn = 


7 * 
* 8 | 4 
* » 7 2 

IT. * 4 


EO... 38 have a plane made of wok for this purpaſe. 5 
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upon which the globe ſtands; the central ſolar 
ray will now: deſcribe the 20th parallel of north 
declination, which will de about the 23d of 
| Ju 7. | 
If the globe be moved in this Mane} from 
point to point round the circumference of the 
chalked circle, and'care be taken at every remo- 
val that the north end of the magnetic needle, 
whenſettled, points to the degree of the variation, 
the north pole of the globe wilt be obſerved to 

recede from the line connecting the centers of 
the earth and ſun, until the globe is placed upon 
the point Cancer; after which, it will at every 
removal tend more and more towards the faid 
line, t till! it comes to o Capricorn ps e 


* »+ 5 ff 


PROBLEM XxxVIII. e 


To rely either globe to the latiryde. and horizon 
of any place. 5 


1f he place be in north latitude, — the 
north pole; if in ſouth latitude, raiſe the ſouth 
pale, until the degree of the given latitude, 
reckoned on the ſtrong braſs meridian under the 
| "elevated pole, cuts the plane of the broad paper 


circle; then this circle will Te log pin 


8 


* 5 f- þ 
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BY fecit for the ſun's place. 


Aer the former rectification, bring the — | 
grees of the- ſun's. place in the ecliptic line upon 
dhe globe to the ſtrong braſs meridian, and ſet 
the horary, index to that XIIth hour upon * 

| equator which is moſt elevated. | 

15 Or, if the ſun's place i is to be 8 ng an- 


24 


— $ 1 


fer. various concluſions, bring the graduated. 
edge of the moveable meridian to the degree of 
de ſun's place i in the ecliptic, and flide the wire 
which: croſſes the center of the artificial horizon 
0 thereto then bring it's center, which is the in- 
n terſection of the aforeſaid wire, and graduated 
| | _ 9835 a 1 of the moveable meridian, under the ſtrong 
r Jo braſs rope as before, and ſet the horary in- 


"i moſt 
dex to that XII on a the N which is 
elevated. 7 | 
a „ ; 1 : 3 8 : | Sh 2 
) JS; 595 E PL -, ; | h 
5 8 N ie ES * K* 0 B L E: * R. ee 


= rectify for the Zenith of any FRY . 
Ns | After. the firſt rectification, ſcrew the nut ok 
the quadrant. of altitude ſo many degrees. from | 
the equator, reckoned on the ſtrong braſs me- 
ridian towards the elevated pole, as that pole i is 
- raiſed above the plane of the broad paper circle, 
and that 42 8 will bao the zenith of che 


* * 


Pore. | 


0 ridian altitude on every degree 
nation for the whole . cut 5 — 


* is 77 1 11 2 1 N . 2 — cz 22 > WW 
* o 7 COPS CLEIE * ES — 5. 5 
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Note, The zenith and nadir are the poles of 
the horizon, the former being a point directly 
over our heads, and the I one n 1 


our feet. 
If when the hes is in his 8 SH ge on 


the oppoſite fide, the plane of the horizon will 
cut the ſtrong braſs meridian at the complement 


of che latitude; which: ene enn of _ 


eee e e e 


= z 
iy Fy 44548 
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PROBLEM XXII. 


\ "os ſhewi at one view upon the reli globe, 


_ for any given place, the ſun's meridian alti- 
dude, his amplitude, or point of the compaſs, 
on which he 0s and a ow. "vey: . 8 


7 : 
FEY F ö . k % © F 5 5 D £ 3 , 07-7 — 


Rectify the 2588 0 Wee WIR 


| place, bring that place to the ſtrong: braſe me- 


ridian, and ſet the horary index to XII; ſcrew 
the quadrant of altitude to the zenith of e 


© horizon, and bring it to the braſs meridian. #55 - 


Jou will then at one 1 ſee the ane me- 


. Af the * 


_ - * " 
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Theſe dotred parallels at the ſame'inſtant alſo 
cut the edge of the broad paper circle, now res 
preſenting the horizon; in the point of the eom- 
paſs, or amplitude, on which the ſun is ſeen to 

_ rife on the eaſt, or to ſet on the welt fide of the 
Horizon erer e eee eee eee 


— year- . * 


tic line, you have the ſun s place when he is upon 


If "of WEN i thoſe: ately to the eclip... . 


that declination, e thehce Fo oy me 3 

pen, ,,, ny ny tf why 
Alſo, the Wneage u of the finds es in the 

ecliptic line; ſhews the ſor's{declinarion yy Was 


=” time HERR the Fours. par | lel els J 
7 8 ale 1. * R 1 XXI. Dan oof 
dQ To ſbew at oe view upon Ge berth 3 


— 


— — — — ůͤ3 
8 — ——— — 
— 


7 
pues ber alÞ tines of the year. 
| Rectify the globe to the Tatitude of the ble, 


 paratſes(of decknation, hielt are here alſo pz. 


90 4 


arches - e 


{ 


' 
#523, 


* 


_ keagrh of the days and nights at yy cows 


| and d broad paper circle” will reprefent'the - | 
bone; ape the! upper part of the (dotted! = 


nel af nen, v neee the alarm! | 


8 — 1 ee EO of 5 OY . 


t 4 


: 7 — which is the” ener 5 


ſphere, and 125 vin, with « one e glance of the eye, 
E * 8 | | * | Tee 5 


5 


* 


* 
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| by that all the dotted patalicly of declination, as 
well as the equator itſelf, are ee e Wau 
into t equal parts. ü 
Therefore the inhabitants not equinoAial 
Hine have their days and nights twelve hours 
; long” that is, the ſun is never more, nor ever 
leſs than twelve hours above their horizon, during 
his apparent i paſſage from the tropic of Cancer 
0 the tropic of Capricorn, and thence to Can- | 
cer again. idee .» N Sr | 
5 All the fixed ſtars have the Gen apphretwikos 
tion to the -equatorial inhabitants; that is, they 
riſe and ſet, continue above, and are depreſſed 
below the horizon of en Ou the IS 
N aa twelve hours. 1 Fel 85 
_ * = Raiſe the north pole of the Sidel ta » gr 
- "off latirude-at a time, and you will ſee tbe diurnal 
arches increaſe in length, until the pole is eleva- 255 
-- tel to 664 degrees above the horizon; then the 
1 pine of the-ſun's greateſt declination:will be 
25 alãs far from the equator as the place \rſelf is from 
| the pole; and this parallel is the tropic of Can- 
cer, Which will. Juſt touch the? deen in i the 
north point. 0 
And on the contraty, we may obſerve. PIES we 
- ſourherno/parallels/!:of - deelinazion continually ß 
ſhorter; as the northern ones lengthen, until they 
- come to the tropic of Capricorn. V En. 
Redtify' the globe to the latitude of London, 


wt 11 degrees north ; when the ſun is i in the tropic 5 
. . * * | olf | 


* 


1 Wei "FE; 727 
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of Cancer, the day i is about 164 heurs i as he re- 


cedes from thenee, the days ſhorten, as the length 
of the diurnal arches of the parallels ſhorten, un- 


til eee dende en Fhadays | 


| e een the Gun, was in Caen. 


= 


eme ene is 10) td mas 1 


Rectiſy theglobe wats Altitude of the nor bern 
polar circle, and you-will, find, when. the ſun as 


in Cancer, he touches the horizon on that Ep 


_ ichout- ſetting, being completely twenty-four 


hours abeve the horizon; and hen he is in Ca- 4 
pricarn;s be once appears in the horizon, but 


| does not riſe for the ſpace gf twenty-four hours. 
vhen he is upon any other parallel of Wrlinmien, 


the days are longer MA: ſhorter, as that bali. 18 


F nearet to, or farther from: the equater. 777 711 


* Eleuate the globe to the Jatitude of 8o ors 
north, at which: tine les the ſun's dec lination be 
ro degrees north, he then apparently ſcerts to 


tum round: aboye the Horizon. without feting, 


1 and never ſets frdm this point te Cancer, until an 0 


e. 
1 * 


i his rerurn, afier he A Mtn hos IO | 
ol declination.  _ aaron} ee 
8 Io the fame . declination is 
ro degrees ſouth, che is juſt ſeen at noen in the 

£onyand-idifappears from that time in his 
are, ORR this 2 e to the Lame 


point. RA IH . 12 F107 515 8 : YE {I NW 525 f 


„ t -- apa = of oy IO ParT6 7 8 
To VHS ĩͤ 76 Ott e597a2b 12 


a > 


8 . gs "Elevate 
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\ Elevate- the aerth pole to 99 degrees, or in 
this zenith, then the globe will be in the poſition ' 
of a parallel ſphere, and the equigoctial line will 
coincide: with the plane of the horizon; conſe- 
quently all the northern parallels ars above, and 

aall the ſouthern parallels below the horizon; 

- therefore, the polar inhabitants, if any there be, 
have but one day and one night throughout the 
year; their day, when t the ſun i 18 in his northern; 


and their night, v when he; is in his fouthern decli- 
„e 5 


11 8 " +, : ; + 7 $ + 1 * * 
— F 4 2 8 * J * . A 
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"I's find the Sale: of poſition of places 
. LF ps of poſition is that Sh betten 
. : - the meridian of one of the places, and a S 
. 3 circle paſſing through the other place. — 
- Redtify the globe to the latitude and Lebic „ 
one " of che places, bring chat place to the ſtrong 


brafs. meridian, ſet the graquated; edge of the 
quadrant to the other place, and the number of 
degrees contained between it and the ſtrong braſs 
, Tneridian, 1 is the meaſure! of f che ke 8 2080 
Wi 11 al of Pelton b deine the Mech of 
8 Clear, in Ireland, arid Sk. Auguſtine; in 
So Florida, i is about 82 degrees north weſterly ; but 
- _ the * of poſition between St. e and | 


I 4 
( - 
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Cape Clear, TOs ann boa e are 
boner e 
8 Hence it is Seid. ik ws line of Danes b or 
| | azimuth,” is not the fame 1 8e either p Ns to the 
8 viter, a as s the romb lines abe 13-445 þ 


2 7 : Fw 8 5 . 7 EY: ? ; 2 45 . ; f » 3 7 85 3 Z4 ; * F% 


VP 2 5 | b Ron LEM | XXIV. 5 


5 To find the rene of one place from ank 


f The bearing of « one ſea-port from another _ 
determined by a kind of ſpiral, called a romb- 
line paſſing from one to the other, ſo as to 
make equal angles with all che meridians i it paſ- 
ſeth byz therefore, if both places are ſituated on 
the ſame parallel of latitude, their bearing is 
5 either kaſt or weſt from each other; if they are 
. Ee upon the ſame meridian, they bear north and DN 
©  * ſouth from one another; if they lie upon a romb- 
| Une, their bearing is the ſame with it; if they do 
not, obſerve to which romb- line the two places 3 
are neareſt mm e will thew,, the bear. 
ing bought. . 
Example. "Thus the 0 55 the 5 $2 
SAC _ from the ziſland of Bermudas, is nearly | 
. that of Bermudas froni tbe 
Lizard 438: W. 8. W. both nearly upon the ame 5 


habe dne. but i ee, directions. Ts by 5, 
J!! Eg ey 70 : 
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Or ru Sorvron or : Prcmag es BY, EXPOSI NG 
THE GLozzs TO THE SUN:S, 1 Rars. Pets 


In the year 7679, J. Moxon publiſhed a trea- 


5 on what he called“ THE EOULIsH GLOBE; 
being {ſays he) a; ſtabil and immobil one, per- 
forming what the ordinary globes do, and much 


more; invented and deſcribed by the Right 
Hon. the Earl of Caſtlemaine.“ This globe 


was deſigned to perform, by being merely ex- 


poſed to the ſun's rays; all thoſe problems which 
in the uſual way are ſolved!by the Adventiticus 


- aid of brazen meridians, hour indexes; &c25 n 


My father. thought that this method: might 
be uſeful, to ground more deeply in the young 


5 pupil s mind, thoſe principles which the globes 


are intended to explain: andiby giving him a dif- 
ferent view of the ſubject, improve and ſtrengthen 


bis minds he therefore inſerted on his globes 
ſome lines, for the purpoſe of. ane | 


blems in Lord Caſtlemaine's manner. „ 220 rife 
ole appears to me, from a copy of W 


publication; which i is in my poſſeſſion; that t the 
Earb of Caſſlemaine projects a meu edition of 


his works, as the copy conta ius la great number 
of corrections, tmany alterations, and ſome ad- 
ditions. It is not very improbable, that at ſome 


futurt day I may re-publiſh this curious Work, 


and adapt u ſmall globe eee of the 


WW. ba P C7, 
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The mer. dians on our new terreſtrial globes 


| being fecondaries' to the equator, are alſo hour 


Circles, and are ttfarked as ſüch with Roman 


figures, under the equator, and at the polar cir- 
cles. But there is a difference in the figures 
plaeed to the ſame Hour tifcle; if it tuts the Lid; | 
baur upon the polar circles; it will cut the IX th 
hour: upon! e e dee ag is ſix hours e 
and fo FH che refer to ft 91 

Through the great Were es and:the e 
ſtetibn of Libra, is drawn a broad meridian from 
pole to ple: it paſſes trough the XIIch Hour 
upon the equator, and the VIth hour upon each 

of the pblar circles; this hour circle is gradunted 
into degrers and parts, _ Pom Rau: the 
equator rowatds either p mz oj iquq 

There is another e e en 5 

5 through. the Pacific ſea, at the IXch-hour upon 


4 
* 
7 
4 


theicquator, ;and-the; IIId hour upon each polar 


circle * this: contains only one quadrant, or 90 
| degices ; the numbers anne xed to it begin at ib 
5 northern Mp eindrand end Al e 
| Capricoru- kf wrt N 24 £131 Fare! 25 n e 

| {Here 1 likewiſe obſerve, thee 1 ay 
55 concentric cireles drawn upon the terreſtrial 
| globe within: the northern (and. ſouthern. polar 
circles,: which: for the future we ſhall: call polar 
piraliclsz-they-ate placed at the diſtance of one 
degrte from euch other, and repreſent the band. 
lels of the ſun' 8 e but in a. different 
r . e manner 


* 
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manner from the 47 N betwen the tro- 


ics. 8 
8 The follow ing Nie Ca require 5 1 to 
be placed upon a plane that is level, or truly hori- 
zontal, which is cafily attained, if the floor, pave- 
ment, gravel-walk in the ae &c. ſhould 


not happen to be horizontal. 


A flat ſeaſoned board, or any box which is 
about two feet broad, or two feet ſquare, if the 
top be perfectly flat, will anſwer the purpoſe ;/ 
the uppet ſurface of either may be ſet truly hori- 


LZontal, by the help of à pocket ſpitit level, or 


plumb rule, if you raiſe or depreſs this or that 
ſide by a wedge or two, as the ſpirit level ſhall 
direct; if you have a meridian line drawn on the 


place over which you ſubſtitute this horizontal 


plane, it may be readily transferred froth thenee 
to the ſurface juſt levelled ; this being done, We 
are prepared for the pn of e OP | 
problems. 8 

It will be Nase to define a a term we are 


obliged to make uſe of in the ſolution of theſes | 
problems, namely, the su AL or EXTUBERANEY 5 | 
by this is meant that ſhade which is cauſed by 


the ſpheticity of the globe, aud anſwers to what 
we have heretofore named the tertninator; defi- 


ning the boundaries of the illuminated and ob. 


ſcuxe parts of the globe; "this circle was, in the 
99 of ſome of the foregoing problems, re- 
op. preſented 


16 
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preſented by the broad paper circle, but is here 
N 18 rhe 8 of the un. LR 


LP ; FE 


Vos 
t 2 


PROBLEM. XXXV. 


. p © 


To obſerve the ſur 8 altitude (by the crrebrl 
globe) when he ſhines bright, or when be 
d 15 can but juſt be diſcerned through: a Cloud.” 


i 2 20-4 44:5 
l the 1 pole of the glabe to. 662 N 
degrees; bring that meridian, or hour circle, 
| which. paſſes through the IX ch hour upon the 
equator, under the graduated ſide of the ſtrong 
braſs meridian; the, globe being now ſet upon ; 
the:herizontah plane, turn it about thereon, 
frame and all, that the ſhadow of the ſtrong 
brafs, meridian may fall directly under itſelf; 
or in other words, that the ſnade of it's gradua- 
ted face may fall exactiy upon the aforeſaid 
hour circle z at chat inſtant the ſhade. of .extube. 
rancy will touch the true degree of the.ſun's 
altitude upon that meric ian ». which: Paſſes 
. through the IX th hour upon che equator, rec 
koned frm the polar circle, the moſt elevated 
hart of which will then be in the zenith of the 
Place where this operation is performed, and ü 
is the ſame whether it ſhould: ene to be 
"cighor; in north or ſouth latitude. ve tt 
Thus we may, in an eaſy and e mer, 
an ien of the 55 at any time of the; 
4847 N „ ES ; day, 


LY * ts 
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day, by the terreſtrial glo z for it is very plain, 
when the ſun riſes, he bruſhes the zenith and 
nadir of the globe by his rays; and as he always 
illuminates half of it, (or a few minutes more, 
as his globe is conſiderably larger that that of 


| the earth) therefore when the ſun is riſen a de- 


gree higher, he muſt neceſſarily illuminate a 
degree beyond the zenith; and ſo on den 
rionably from time to time. 

But as the illuminated part Wande more 


than half, deduct 13. minutes from the ſhade of 


extuberancy, and you pets the fun” 8 ena 
with tolerable exattnefs. $$, oh; 


6 EE <4: 


| be the point bs 8 * * | 


Penn? [JLON 5111 1 30: 1 8 F-1 K 2 


, Whenthe ſum does not ſhine! bright enough te 


; x. 7.0 6+. L 2 0 1 1 5 
4 2 LA At : 1 W 74 2 * caſt a ſhadow. a 1 
— 


PT 


the fame” plane with it, which r may be done if 
you havebur the leaſt glimpſe of the ſun through 
4 cloud; hole a ſtri in both hands, it having 
firſt ue put between the { trong braſs metidian 
| and tie globe; ; firetch i it at Lb a les to the 

. and apply Y your face near to We globe, 


moving 


* 
” 
— —-— Snoop Pe, rr rr 


Turn the meridian of he Bebe ga ite 2 
ſun, as before, or direck i it fo that it. may lie! in 


Dt AID; wan ener I II —— — 9 A EP —— — —— — 
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moving your Xye- lower and lower, till you can 
but juſt ſee the futi; then bring the ſtring held 
as befbre to this point upon the globe, that it 
| may juſt: obſcure the ſun from your ſight, and 
the degree on the aforeſaid hour circle, which 
the ſtring: then lies upon, will be the ſun's al. 
titude required; ſur his 'tays would ſhew he 
ſame point if he hond out bright... 

Note, The moon altitude may be bbſdenad 
8 by cithet of theſe: ns ag, 2 1 eb of 
en the laſt of them. oh Md 2a 


58211 18 2 Hut n 395! 7 87 Bix 5 


PROBLEM n. r Wy 


To bet the Herreftrial Sede n x the 19 8 rays, 
that t it may tepteſent "The natural poſition of 


either © by: a meridian ling, ot wink. 
$1.4 8 22 12. 10 lil 3 


{ ; ©} 


Ft ita +2 


I you have a incridian line, ſer the tooth and 5 
| ſouth Points of che road. paper circle directly 


over it, the north pale of the globe being 


elevated to the latitude of the Place, and ſtand- 
| ing upon A level plane, bring the place) you are 
| in under. the graduated fide of the ſtrong braſs 
meridian, then the poles. and parallel circles 

upon the globe will, without {enſible error, 
correſpond with thoks in the heavens, and each | 
point, kingdom, and ſtate, will be turned to- 


wards the fral one which it repreſents. Ml 
8 * hs : If 


0 


; * 


If you have no mig e then the day of 


the month being known; find the ſun's declina- 
tion as before inſtructed, which! will direct you 


to the parallel of the day, amongſt the polar 5 
parallels, reckoned from either pole towards 


the polar circle; Which you are to remember. 1 
Set the globe u pon your norizontal planen 


dhe ſun-ſhine; and put it nearly north and ſouth. 


by by the mariner's compaſs, it being firſt elevated 
to the latitude of the place, and the place 


"ſelf brought under the, graduated ſide uf the. 
ſtrong braſs meridian; then move the frame 


and globe together, till the ſhade of extube- 
rancy, or term of illumination; juſt touches the 
polar parallel for the day, and the globe will be 
ſettled” as before; and if accurately perſormed. 
the variation of 1 5 magnetic needle will be 


ſewn by the degztee Li FRA it N in the c 


compafs ox. N 
Anti hefe obferve ine anale for the 957 
row not bees oy fall on any one of thoſe 


arion upon the globe, you! are to eſtimate a 
proporiionable part betwern them, and reckon 


that "the Parallel of the day. If we had drawti 
more, the globe would Hate been confuſed; 


” The ttafon öf this operation is, that as hi ; 


„ ſun illuminates half the globe, the made of 


ertuberaney will corftaritly be go 3 hae dom | 
che 1 e cite fun is Vertical. TE fa 


e 
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511 Abe ſen de in the equator, the ſhade and 
ee terminate in the poles of the 
world; and when he is in any other diurnal 
paraliel, che terms of illumination muſt fall 
ores of, or go beyond either pole, as many 

rees as the parallel which the ſun deſcribes 
that day is diſtant from the equator; therefore, 
when the ſtiade of extuberancy touches the polar 
Parallel for the day, the artificiat globe will be 
in the ſame poſition, with reſpect to the fin, as 
the earth really "18 and will he illuminated. „ 
 thedame'menner. nor E12 Atti Enn nn 
odoz % ein 573 n „ & fin: 


* 


1 8 PR: OH ck My vin. 92 705 d 


To 1 naturally the fuchs e diurnal 


* $37 $4 BEES 55 os A pos 


„ and] his s thereon.” 5 


Lauer, upon wee eee eee, pa-. 
rallel the term of illumination falls; it's diſtance, 
from the pole is the degree of the ſun's declina» 
tion; 4. reckon: this diſtance from the equator 
among the larger parallels, and you have the 
parallel which the ſun deſcribes that day; upon 
which if you move a card, cut in the form of a 

| double: ſquare; until it's ſhadow. falls under 
"irfelf, you, will obrain the, very, place, upon 
that parallel, over which: the ſun is vertical at 
any hour of that day, if you ſet the er you 
„„ 5 are 
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are in under he: graduared f fide of the ſtrong 
» | braſs meridian. e ie 0 

Note, The moon's Jeclinarioni Sara N 
del, and place, may be found in the ſame man- 
ner. Likewiſe, when the ſun does not ſhine 
bright, his declination, &c. may be found 
by an application in the manner OP; rep 

blem 3 8 


PROBLEM XXXVIIT, = 


1 find the fark 8 azimuth naturally. | 


| tk great circle, at right angles to the hori- 
zon, paſſes through the zenith and nadir, and 
alſo through the ſun” 8 center, i” $ diſtance from 
the meridian. i in the morning, or evening of any 
day, reckoned upon the degrees on the i inner 
5 edge or the broad paper. F vill e the 
| azimuth required. | 
K e ret 
M E T i o 5 I. 
Klee either pole to the Pöbel, of a pafal- 
lel ſphere, by bringing the north ole i in north 
| latitude, and the ſouth pole in ſouth latitude, 
-- Into the zenith of the broad paper circle, having 
- firſt placed the globe upon vu meridian line, 
: or by the other: method before preſcribed 
hald up a plumb line, ſo that it may paſs freely 
7 e eee a ee 
5 | . 
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and move it fo that the ſhadow of the ſtring . 
may fall upon the elevated pole ; then caſt your 
5 % immediately to it's ſhadow: on the broad 
paper circle, and the degree it there falls upon 
is che fun's azimuth at that time, which may 
de reckoned from either the  fouth. Or 3 0 
Points of the horizon. e 


METHOD 11. 


If you 1 5 only a glimpf e, or faint act © of 
the ſun. che globe being adjuſted as before, 
ſtand on the ſhady, fide, and hold the plu mb 
line on that ſide alfo, and move it till it cuts 
the fun's center, and the elevated pole at the 
fame time; then caſt your eye towards the 

5 broad paper circle, and the degree it there cuts 
N & the ſan's azimuth, Which muſt be reckoned | 

. from the oppoſite cardinal point. 5 ; der 8 


N 
% 


% 


| To fhew. that 1 . of the earth 8 far. 


5 ah Backs the ſun will be twice on the ſame, 


WMimuth in the morning, twice on the ſame 
. (auth in the afternoon : or in other words, | 
Won the:doclinatiqn of the fun pms the 
: e eee er ſidle af che equa- 
dor; the ſhn will be on the ſame azimuth twiee 
„ * — apa 5 


5 Thus, 
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Thus, ſuppoſe the globe rectified to the lati- 
tude of Antigua, which is about 17 deg. of 
north latitude, and the ſun to he in the begin- 
ning of Cancer, or to have che gr greateſt 1 north 
declination; ſet the quadrant of. altitude to the 
21ſt degree north of the eaſt | in the horizon, 
and turn the globe upon it's axis, the fury 8 

; center will be on that azimuth at 6h, 30 min. 
> and alſo at 10 h. 30 min. in the. morning. At. 
8 h. . 30 min. the ſun wilt be as it were ftation- 
afy, with” reſpect to it's azimuth, for ſome 
5 time; as it will appear by placing the quadrant | 
5 of altitude to the 15th degree north of the eaſt 
in the horizon. If the quadrant be ſet to the 
ſame degrees north of the weſt, the ſun's center 
vill croſs it twee as ” er des horizon | 
in the aſtern on. 
. "This appearance wilt derben more or 8 
all Places ſituated in the tarrid zone, Whenever 
* the fan's declination exceeds their latitude; and 
from hence we may infer; chat the ſhadow of 4a 
dial, whoſe gnomon is erected perpendicular to 
an horizontal plane, maſt iow preg ns go back 
Feverat degrees on the fame day. | - 

: But as this canonly happen a ieee ed 
zone, and eee, lies about 8 degrees tp 
Ale north of the tr tropics of Cancer, the retroceſ- 
ion vf the thadow on the. dial ef Ahaz, at Jerw- 
ſalem, was, in the ſtrieteſt ſigh eatii of the 
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A 3 3 : 715 3 5 ; 
FFF 993013 3. eee 


* ＋ : 8 5 : a 
Iv 2 881 £54 P R O0 B x E == XL. It 15 


70 eee . hour f the day i in the moſt 
: natural manger, 3 when the terreſtrial W is 


© Propeth ly placgd'i in the ſun-ſhine. we 1 


105 There a are many. ways to perform this opera- 


8 tion with ref ſpect to the hour, three of which are 


here inſerted, being general to all the inhabi- ; 
tants of the earth; 3; &fqurth is added, peculiar 


0 thoſe of London, which will anſwer, without 


ſenſible. error, at any place not 72 5 the 
Aillancs of 66, miſs, from. this Capital, Wile bow 


ar 07 0 05 
8 ft, Ba natural Ne | 


* — 
* YE £74 1 F , RY S _ ; . ; 
1 £5 3 4 1 7 82 : ö ; wr" * 14 ti 


905 . be globe as Ge directed, 
and placed it upon an horizontal plane over . 


Jour meridian line, or by, the. other method, 


hold a long pin upon the illuminated pole, in | 
1C CGH ection of the Polar axis, and it' 8 ſhadow 
all ſhew. hs hourof the 25 amangſt. the polar 


19 2 17 21 7 2; "079 21 Vt) Tein” 


3 
1% The a the globe being the common 
ſection of the hour circles, is in the plane of 
Sacha and 38 ee the globe to be pro 
2 adjuſted, they ill correſpond with thaſe 
e chgavens j therefore, the ſhade of 2. pin, 
2 heis che ars entinhed, muſt fall upon the 
true h 8 8 a; fre” Is. 1 * 215 cr el! 
Ell 64m” brow 5 


andly, 1 
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adh By an artificial f Nite. 


Tye. 4 ſmall ſtring, with a nooſe, round the 
elevated pole, ſtretch it's other end beyond the 
globe, and move it fo that the ſhadow of the 
ſtring may fall upon the depreſſed axis; at that 
inſtant it's ſhadow upon the CA will give 
the folar Nour to a Hunte. 8 


Frm ret „ A « 


vernal . colure muſt firſt be placed 
under the graduated ſide of the ſtrong braſs 
meridian, before you obſerve the hour, each of 
theſe being marked n the ee with the 


hour X11. - 

The ſtring in this laſt caſe being moved; into 
the plane of the ſun, correſponds with the true i 
hour circle, and conſequently gives the true 


hour. 


82 


1 Wirtour' any ane at all. 


Evpny thing being retified as 1 Mok: 
where the ſhade of extuberancy cuts the equator, 
the colure being under the graduated ſide of 
the ſtrong braſs meridian, and you obtain the 
hour in two places upon the equator, one 
of them going. 1 an) the other: Nl 
ine the un. "en ee 

Note, If this ſhade- desde n 


haar finger, as before directed. . 
„ -: > 2 0. 
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The reaſon is, that the ſhade of extuberancy 
being a great circle, cuts the equator in half, 
and the ſun, in whatſoever parallel of declina- 
tion he 1 may happen to be, is always in the pole 
of the ſhade; conſequently the confines of light 
and ſhade will DEV, the true hour of the © Te | 


FOI Peculiar to the inhabitants of London, 
and any place within the diſtance of ſixty 
miles from i it. 


< # 


of 
The globe bens 8 every way ad tel as Pele 
and London brought under the graduated ſide 
of the ſtrong braſs meridian, hold up a ee 
line, ſo that it's ſhadow may fall upon the zenith 
point, (which in this caſe is London itfelf) and 
the ſhadow of the ſtring will cut the parallel of 
| the day upon that point to which the ſun is 
| | then vertical, and that hour circle upon which © 
- this interſection falls, is the hour of the day; 
and as the meridians are drawn within che 
tropics, at 20 minutes diſtance from each other, 
the Point cut by the interſection of the | 
upon the parallel of the day, being ſo near the 
. equator, may, by a glance of the obſerver's eye, 
be referred rae, and the true time 1 
ß pa Oh „ 
Ihe plumb line this eee is be e 


which, by e the e a 1 5 gives 
8 5 . 'the 7 


" OF THE GLOBES. „ 


the ſun's place, and conſequently the hour circle 0 


which interſects it. b 
From this laſt operation reſults a corollary, 


that gives a ſecond way of Cc the 8 8250 2 


to the ſun's rays. 


If the azimuth: and ſhade of the hmfnated 


axis agree in the hour when the globe is rectified, 
then making them eee to a prin muſt redtify 
the globe. 0 


PRs Co AA 


Another methodto rectify the globe: to che ſun's 


* 


* a 
Move the 16s till the ſhadow of the ptumb 
line, which paſſes through the zenith, cuts the 
ſame hour on the parallel of the day, that the 
ſhade of the pin, held in the direction of the 


* 


axis, falls upon, e the b parallels, | 


2 and the globe is rectified. 


The reaſon is, that the allow of the axis re- 

preſents an hour circle; and by it's agreement 80 
in the ſame hour, which the ſhadow of the a2i- 
muth ſtring points out, by it's interſection on. 9 


the parallel of the day, it ſnews the ſun to be in 


the plane of the ſaid parallel; which can never 
happen in the morning on the eaſtern ſide of 
the globe, nor in the evening on the Are nde : 


of it, but when the globe i is rectified. 

Tunis rectifieation of the globe is only S 
it! in ſuch a manner, that the principal great 

Al „„ | circles 
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5 340 DESCRIPTION AND vsk : 
1 | / _ cixclegand; points may coeur and fal in with 5 
= - thoſe of the heavens. . 
The many advantages 50 webe püs- 
1 blems, relating to the placing of the globe in. the 
it ſun's rays, the tutor will eaſily; diſeenn, and 
1 readily ame bs FA, 38 TIT the bene- 
hb. | TR . 5 
Wii Wh Ed erdY my 5 1 0 
5 Tas GENERAL PRINCIPLES os 
Bl | bY e 1. oP . 
h 5 5 © 4» ILLUSTRATED * e. 80 
1 a: | TERRESTRIAL GLOBE: x 
I N 3 1 
| | | att of es is a very. trio: 


| origin, and was in former times cultivatec | 

1 by all who, had, apy; pretenſions to ſcience: and + 
before che invention of clocks and watchgs, it was: 

of the higheſt importance, and is daun nor uſed, 

 r6copredt.and regulate: them. 
een bye. e ee 

to, divide time into equal parts, and:to repreſen: 
on any given. ſurface. the different gireles inte 
which, fon. conyenience, we ſuppoſe the heavens: . 
to be divided; but: principally the haur cireles. | 

The hours are marked upon a. plane, and 
pw out; V 

1 . receiving 
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— 8 ect the light of he Tun, caſts a ſhadow 
upon the plane. This body i is called the axis, 
"when it is parallel to the axis of the world. It 


is called the ſtyle, when it is ſo placed that only : 


5 the end of it coincides with the z axis of the earth; | 
in this caſe, it is only this point which -marks 
the hours. : 


Among the various pleaſing 1 profitable 


amuſements which ariſe from the uſe of globes, 
that of dialling i is not the leaſt. By it the pupil 
will gain ſatisfactory ideas of the principles on 


which this branch of ſelence i is founded ; and it | 
will reward, with abundance of pleaſure, thoſe 
that chuſe to exerciſe themſelves i in the practice 
If we imagine the hour circles of any place, 3s 
London, to be drawn upon the globe of the earth, 


and ſuppoſe this globe to be tranſparent, and to 


. revolve round a real axis, which is ; opake, and - 
caſts a ſhadow; ; it is evident, that whenever the 


plane of any hour ſemicircle points at the ſun, the 


ſhadow of the axis will fall po the oppolite 


ſemicircle.* 


Let a PCp, fig. I, 1 XII. repreſent a 


tranſparent globe; abcdefg the hour ſemi- 


circles; it is clear, that if the ſemicircle Pap * 
points at the ſun, the ſhadow of the axis wil fall 


upon hs £5 15 ſemicircle. | _ 


75 e 
; +. 1 4 . 


* Lens. 8 Aon, vol. ty page . 


342 DESCRIPTION AND wm 


If we imagine any plane to "paſs-through the 
center of this tranſparent globe, the ſhadow of. 
half the : axis will always fall pppa 0 one fide or 
/ ptheroftthis interſecting plane. : 
„„ let ABCD be the a of the . 5 
. olf London; ſo long as the ſun i is above the hori- 
| \/Zon, the ſhadow of the 1 upper half of the axis all © 
fall e upon the upper ſide of the plane . 
A B CD; "When the fun i is below the horizon of 
3 ndon, then the ſhadow of the lower half of the 
. ais E falls upon the lower fide of the plane, ah; 
| When the plane of any hour ſemicircle points 
at the ſun, the ſhadow of the axis marks the 
reſpective hour line upon t the interſecting plane. 6 
The hour line is therefore a line drawn from the | 
center of the interſecting plane,. to that point 
where this plane i is cut by the ſemicircle oppoſite 
18 "Tot the hour ſemicircle, 3 5 
| |" we e e "fig. 15 aß XII. "the 
e horizon of London, be the inierſecking plane; ; 
when the meridian of London points at the ſun, 
5 as in the preſent figure, | the ſhadow of | the half [> 
axis P E falls upon the line EB, which! is drawn . 
from E, the center of the horizon, to the point 
where" 'the horizon i is cut by the oppoſite ſemi- 
circle; therefore, E Bi is the line for the hour. of | 
© Y twelve at noon. e Th 9 | 
Bj the fame method the reſt of the hour lines 
Ol are : rand, des drawing for wo bs hour a line rom 
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che center of the interſecting plane, to that ſemis - 


_ Eifcle which is oppoſite to the hour ſemicircle. - 


Thus fig. 2, plate XII. ſhews the hour lines 


drawn upon the plane of the horizon of London, 


with only ſo many hours as are neceſſary; that 
is, thoſe hours, during which the ſun is above 
the horizon of London, on the. e longeſt 988 in 
ſummer. | Hs 4453 

If, when the bean an are . a Ans 


; ſermiciveless be taken away, as the ſcaffolding is 
when the houſe is built, what remain, as in fig. 2, 


will be an HORIZONTAL DIAL for London. 


eee 


I, inſtead of twelve hour circles as above de- 
ſcribed; we take twice that number, we may by 
the points, where the interſecting plane is cut 


by them, ſind the lines for every half hour; if 


we take four times the number of hour circles, 
we may find the lines for cs 0 of an 


hour, and ſo on progreſſively. 
We haye hitherto een 80 3 of 


London as the interſecting plane, by which is 


ſeen the method of making an horizontal dial. 


plane, and find the points where the hour ſemi- 
circles paſs through it, and draw lines from the 


center of the plane to thoſe points, we All haves 
the hour lines for that plane. Gent 
Fig. 3, plate XII. ſhews how the e 


are + found 2 a ſouth plans, POIs to 
a Alf 219} . ON 83 the S 
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the horizon, Fig. 4, thews a ſouth dial, with it's 


hour lines, | without the 8 a means 


ment Gy are found; © - 3 
Ide No, of every. dis e the 


ts of the earth, -and is therefore always placed 
parallel to it, whether it be a wire, as in the 
figure before us, or the edge of a braſs e 
in a common horizontal dn | 
The whole earth, as to it's bulk; is . a 

rolxr, if compared to it's diſtance from the ſun: 
| therefore, if a ſmall ſphere of glaſs be placed on 


any part of the eatth's. ſurface, ſo that it's axis be 
„ Pavallel to the axis of the earth, and the ſphere 
ee upon it, and ſuch planes within 


ine day as truly as if it ere placed at the center 
ef the earth, n n ene whe: earth were bo. 


wanſparept a SKR dg bait 1» 
A wire ſphere, with a thin far” plate 55 braſs 


| within) is-often mage uſe of to explain e 


_ printiples of dialling. ena phy alot 2 n 1 


From what has heen ſaid, it is i hes dials 
liess depends on finding where the ſhadow of 4 
ſrait wire, patallel to the ais of the earth, Will 


fall: upon a given plane, every hour, half hour, 


Sreathe hour lines being ſaund as above de- 


ſcribed, which we ſhall TE? to N 5 
the globe VNC 1 
Exey dial plane ee is; 'the 8 Tas on 


© + hich a dial is drawn} zepreſents the plane ofa 


EOS. great 


— 
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great circle, which circle is an HORIZON to foe 
country or other. 

Ihe center of the dial 2 158 center _ 
the earth; and the gnomon which caſts the-ſhade 
repreſents the axis, and ought OI, to 
the poles of the equator. | 

The plane upon which dials: are loaned 
may be either, 1. parallel to the horizon; 2. per- 


pendicular to the horinog': or, 3. . it at 
| OE. > e A 5 1 & 


ROLL N XII. 1 ee 


To conſtruct. an horizontal dial for any. Soak 
latitude, by means of the terreſtrial lobe. 


: | Elevate the globe to the latitude of the 4 54 I 
then þri Ng the firſt meridian under the graduated | 
| edge of the ſtrong brazen one, which will then 
be gyar the hour XII, or the equator. As our 
globez haye meridians drawn through every 15 
degrees of che equator, theſe meridians will re- 
preſent the true circles of the ſphere, and will 
interſect the horizon of the globe, in certain 
points on each fide of the meridian. The diſtance 
of theſe points from the meridian, muſt be gare- 
fully noted down upon a piece of paper, ap will 
be ſeep, in the example. The pupil need not, 
however, take out into his table the diſtances = 
further than from XII to VI, which i is juſt 90 de- | 
grees ; for the diſtances of XI, X, IX, VII: 
VII, VI. i in the forenoon, are the ſame from XII N 


1 OY 
„ 1474 


346 DESCRIPTION AND USE 


| de idee af , II, III, IV, V. VI, in the 

i, afternoon; and theſe hour lines continued through 

the center will give the Are en os on 
rhe! other half of the dial. ! 

No more hour lines tea be 3 tha a 
Eat to the ſun's continuance: above the hori- 
zon, on 118 e . Oe 1158 dus 1 in 1855 __ 

| ns | Suppales 0 Fin ON to be 
London, whoſe latitude is 51 deg. 30 min. north. 

. Elevate the north pole of the globe to 5 Iz 
degrees above the horizon; then will the axis of 
the. lobe have the ſame elevation above the 
broad paper circle, as the 8 of f the dial is 
to have above the plane thereof. en 

Turn the globe, till the firſt wertig (which | 
on Engliſh globes paſſes through London) is 
under the graduated ſide of the ſtrong brazen 
meridian ; then obſerve and note the points where 
the hour: cirtles interſe& the horizon; and as on 
our globes the inner graduated circle, on the 

broad paper circle, begins from the two ſixes, or 
eaſt and weſt, we walt begin from thehee, calling 


{2 1 


the hour 1 s — 5 ; Ss 17x VI LO go 'S : ; 


3-4. 3 5 


we ſhall find the other „duft N the 
horizon fr the NA . ie 85 
v2 „ fv” 5 oth 
Tues. m1, 
5 eee Res 
In 3 ETC INT 4 [5 78 bg 
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which are the reſpectiye difances. af the above 

> hours from VI upon the plane of the horizon. 

| Io transfer theſe, and the reſt of the hours, 

upon an horizontal plane, draw the parallel right 

lines a c and b d, fig. 5, plate XII. upon that 

plane, as far from each other as is. equal to the 
intended thickneſs of the gnomon of the dial, and 


the ſpace included between them will be the 


meridian, or twelve o'clock line upon the dial; 
croſs this meridian at right angles by the line 
g b, which will be the fix o'clock-line; then ſet- 
ting one foot of your compaſſes in the interſection 
a, deſcribe the quadrant ge with any convenient 
radius, or opening of the compaſſes ; after this, 
ſet one foot of the compaſſes in the interſection 
b, as a center, and with the ſame radius deſcribe 
the quadrant fh then divide each quadrant into 
90 equal parts, or degrees, as in the figure. ( 
Becauſe the hour lines are leſs diſtant from 


\ „ 


acheter about noon, than in any other part of 
the dial, it is beſt, to have the centers of the 
quadrants at ſome diſtance from the center of 


the dial plane, in order to enlarge the hour dif- 
tances near X1I; thus the center of the plane is at 
| * but the center of the quadrants is at a and b. 

Lay a rule over 78* 9, and the center b, and 
draw there the hour line of I. Through b, and 
65 41, gives the hour line of II. Through b. 
and 51 57, that of III. Through the ſame cen - 
ker, and 36 45 we obtain the hour line of IV. 


= AC YO PE TIECoT — 


< - " 
Freer. A we Le Lemmon 
* o 4 e * e 5 * 


——v—ͤ— — 
1 ys 


348 DESCRIPTION AND USE 


And through it, and 18 54, that of V. And 
becauſe the ſun riſes about four in the morning, 
continue the hour lines of IV and V in the after- 
ncon, 5 ures b to the oppoſite ſide of 
the dial. 
Nos hs a RE Steril to the center a of 
the quadrarit e g, and the like elevations or de- 
grees of that quadrant, 78,9) 6541, 51, 8), 36,24, 
18,54, which will give the forenoon hours of 
XI, X, IX, VIII, and VII; and becauſe the ſun 
does not ſet before VIII in the evening on the 
longeſt days, continue the hour lines of VII and 
VIII in the afternoon, DG = 1080 hour lines will 
+ Woah CCC 
Laſtly, through 51 * e on either qua- 
abt and from it's center, draw tlie right line 
2 g for the axis of the gnomon a g i and fromg 
let fall the perpendicular g i upon the rieridian 
Ane ai, and there rs be a triangle made, whoſe 
fides are a g., gi, and i aj if a plate ſimilar to 
his triangle be made as thick as the diſtance be- 
tween the lines a c and b d, and be ſet upright 
between them, touching at a and b, the line a = 
will, when it is truly ſet, be parallel to the axis 
of the world, wy will a a W oy n che hour 
of the day. 5. 3 8 YR 
The Wendt of Uividing ths? two- quadran 
may be ſaved, by uſing a line of chords, which 
is always e Wen every Logs Joy Wh 


„% 6 PROBLEM 
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PROBLEM XIII. 
To delineate a direct ſouth dial for any given 
| laritude, dy the globe. 

Let us fuppofea fourh dat for the latitude of 
London. 


Elevate che pole to the co-latitude of your | 


place, and proceed in all reſpects as above taught 
for the horizontal dial, from VI in the morning 
ta VI in the afternoon, only the hours muſt be 
reverſed, as in fig. 3, plate XII.; and the hy- 

pothenuſe a g of the gnomon a g f, muſt make an 
angle with the dial. plane * the co-latitude of 
„the place. 

As the ſun can . no o longer than from VI 
in the morning to VI in the evening, there is no 
occaſion for having more than twelve hours upon 
V8 
In ſolvi ing this Pitten we tive conſidered 
our vertical ſvuth dial for the latitude of Lon- 


don, as an horizomał one for the complement of | 


that latitude or 38 deg; 30 min.; ; all direct ver- 
tical dials may be thus reduced to horizontal 
ones, in the ſume manner. The reaſbn of this | 
will be evident, if the globe be elevated to the 
latitude of London; for by fixing che quadrant 


of altitude to tiie zenith att bringing it to in- 


terſect the horizon ini tlie caſt . 
out the plane of lle propoſed dlal, 1 nnt F 
[PROM at right angles to thier rmertd 


1 
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and perpendicular to the horizon; and i it is clear, 
from the bare inſpection of the globe thus ele- 
vated, that- it's axis forms an angle with this 
plane, which is juſt the complement of that 
which it forms with the horizon, and is therefore 
juſt equal to the co-latitude of the place, and 
that therefore i it is moſt ſimple to rectify | the 
globe to that cos latitude. ES . 

The north vertical dial is the fame with the 
| fouth, only the ſtyle muſt point upwards, and d _ 
chat many of the hours from it's direction can : 


i - 
N n Eo Att. 


To make an erect dial, declining from the e four 
CAT or towards the caſt or weſt. | 


_ Elevare the pole to the latitude of the 2 5 | 
and ſcrew the quadrant c of altitude to the zenith. 

Then if your dial declines towards the eaſt, 
(which we ſhall ſuppoſe i in the preſent inftance} 
count in the horizon the degrees of declination, 
from. the caſt point towards the north, and bring 
the lower end of the quadrant to coincide with 
thes degrees era e 


ene 
7 FAT 3. * * 8 a 7 
8 o es: 4 
2 


Then = +3 fiſt x neridiar 8 


fp. 
o 


-& 


cuared — ſtrong brazen meridian, — 
Now turn the "globe weltuard, and .- "xa 
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firſt meridian, while the hours XI, X, IX, &c. 
in theforenoon, paſs ſucceſſively under thebrazen 
one; and the degrees thus cut on the quadrant. 
- by the firſt meridian, are the reſpective diſtances 
of the forenoon hours, from lt, on the plane 
of the quadrant. | 

For the afternoon b turn the quadrant of 
altitude round the zenith, until it comes to the 
degree in the horizon, oppoſite to that where it 
was placed before, namely, as far from the weſt 
towards the ſouth, and turn the globe eaſtward: 
and as the hours I, II, III, &c. paſs under the 
ſtrong brazen meridian, the firſt meridian will 
cut on the quadrant of altitude the number of 
degrees | from the zenith, that each of the hours | 
is from XII on the dial. 

When the firſt meridian goes off the quadrant 
at the horizon, in the forenoon, the hour index 
| will ſhew the time hen the ſun comes upon 
the 8 1 it points to the time 3 che 
ſun leaves the dial. 

Having thus found all the hour 1 RI Bo - 
XII, lay them down upon your dial plane, cither 


by dividing a ſemicircle into two a or 


by the line of chords. 35 
In all declining dials, the line on which the 


. gnomon ſtands makes an angle with the twelve 


o'clock line, and falls among the forenoon hour 


lines, if the dial declines towards the caſt; and 


among the afiernoon hour lincs, when the dial 
4 ' declines” 
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4 Sale towards the AD i hr is, = 5 left 
hand from the twelve o'clock line i in the former 
caſe, and to the right hand from it in the latter. 


re bud the diſtance of this line ben gt of 


eine 


N may be Song dered, 45 If the dial teclines 
£6 om the ſouth towards the eaſt, then count the 
| degrees of that declination i in the horizon, from 


ES the caſt. point towards the north, and bring the 


lower end of the quadrant to that degree of de- 
f elination where the reckoning ends; then turn 
; the globe, until the firſt meridian cuts the ho- 
rizon in the like number of degrees, counted 
from the ſouth point towards the caſt, and the 
quadrant and firſt meridian will croſs one ano- 
ther at right angles, and the number of degrees 
of the qu _ a qrant, Which are intercepted | between 
15 


the fir meridia ian and the Zenith; is equal to 
the d - Fit Ce of of this! line from the twelve 0 clock 
5 The ha of the fit 3 which 48 
| intercepted between the quadrant and "the north 
55 pole, i ts equal t. to 15 elevation of the chle above Ee 
| the plane of the dial. | 
The. ſecond caſe is, when, the del ay 
15 weſtward from the. ſouth. . i 
Count the declinarion fron rom a the al Me of” 
ic : horizon, towards the ſouth, and bring the 
quadrant of altitude to the degree i in the horizon, ; 
4 whi ich the reckoning ends, both for finding 
5 the 


or THE GLOBES. 1 353 
the fureneen outs, and the diſtance of the 
ſubſtile, or gnomon line, from the meridian; 

and for the afternoon hours, bring the quadrant 

to the oppoſite degrees in the horizon, namely, 

as far from the weſt towards the north, and then 

proceed i in all reſpects as before. 

It is prefumed, that the foregoing” ing 

will be ſufficient to illuſtrate the general prin- 

_ ciptes of dialling, and to give the pupil a gene- 
nul idea of that pleaſing ſcience; for accurate and. 
B expeditious methods of conſtructing dials, we | 
mäuft refer hint to treatiſes written expreſsly on 
that pee 
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FAV IGATION, is che art of guiding: a a 
" ſhip at ſea, from one place to another, 


N 
** 
> 
Ps 
a7 

1 
2 

1 
$ 57) 

1 

3 

4 5 
$7 

7 6 

p 

1 
; 7 
1 

i wi * 
25 q 
"i 4 

S354 
"IF 
* n 

5 $9 

> 8 

IS] 

„ * 

3 

5 1 

1 

45 

j 
$ 

2 1 

4 
1 

. * 

1 « * 

T 5 1 

9 

4 

. 4 

V+} 

| 

od I 
”, 

"5 7 3 
% 
— 

1 

n 

; 5 

$519 

N 

le 

» 

18 
14 

2. 
14 
74 

1 
LI 
Fad 
p32 
14 
* 
= 
* 
5 
4 
* A 
75 
2 
de. 

* 
94 
+. 

* 

. 

0 
3 

1 
121 

o 25 
22 

3 

4 — 

2 
12 

- 

* 

* 

+ 


2 * * 
SES. — 9 I RR, 


In 8 ſafeſt and moſt convenient manner. — In 
order d to attain this, four things are een 8 
IF To know the firuation and diſtance of | 
places. 5 

4. 10 know at all rimes the renn ofthe 
compaſs, „ Py 


3. To know. the line i in x which 4 tim is to 
be cirected from one £ eps to the other. 


2 4. To 5 
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4. To know, i in any part of the voyage, what 


point of the globe the ſhip is upon. 


The knowledge of the diſtance and fi — | 


N of places, between which a voyage is to be made, 


implies not only a general knowledge of geogra- 
phy, but of ſeveral other particulars, as the rocks, 


ſands, ſtreights, rivers, GC. near which we are 


to ſail; the bending out, or running in of the 
ſhores, the knowledge of the times that parti- 
cular winds ſet in, the ſeaſons when ſtorms and 
hurricanes are to be expected, but eſpecially the 
tides; theſe and many. other ſimilar circum- | 
ſtances are to be learned from ſea charts, 
Journals, &c. but chiefly by, * and 


experience. : 
The ſecond particular to be attained; i is the 


5 knowledge at all times of the points of the com- 


paſs, where the ſhip is. The ancients, to whom | 


the polarity of. the loadſtone was unknown, 
found in the day-time the caſt or weſt, by the 


riſing or ſetting of the ſun; and at night, 
north by the polar ſtar: "We have dealt ge 5 


of the miariner's compals, by which, at any 
time in the” wide ocean, and the darkeſt night, | 


we know where the north is, and conſequently 5 
the reſt of the points of the compaſs. ERS 


Indeed, before the invention of the mariner 8 


compaſs,” the voyages of the Europeans were 


5 principally confined to coaſting; but this for- 
. has enabled the mariner to ex- 5 


F 1 


: | e 9 
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plore new "ſeas, * diſcover new countries, 


Which, without this valuable acquiſition, would 


probably haye remained for ever unknown. | 
The third thing required to be known, is the 


line which a ſhip deſcribes upon the globe of the 


earth, in going from one place to another. 3 
The ſhorteſt way from one place to another, 
is an arc of a great 15 drawn through the 
two places. 
The moſt cohvenient way for a a thip, i is that = 
which we may fail from one place to another, 


directing the ſhip all the while towards the ſame i 


point of the compaſs. 


A ſhip i is guided by 3 or abtecing 7 


towards ſome points of the compaſs; ; the. line 
wherein a ſhip is directed, is called the ſhip's $ 
| courſe, which is named from the point towards 
which ſhe fails... _ 


Thus if a ſhip: ſails towards the north. eat : 


point, her courſe i is faid to be N. rr 
In long voyages, 4 ſhip” $ way may conſiſt of 
a great number of different courſes, as from A to 


B. from B to TS and fron C to D, fig. 9, plate 7 
XII.; hen we, ſpeak of a ſhip's courſe, We 


| conliders one of theſe at a time; t c ſeldomer he 
directed. „„ PORT Dt 


0 
Ir Two PLaces, A AND b Z. FIG. 7, Þ ee 


LIE UNDER THE SAME | MERIDIAN, che courſe from 


the one to the other is due north or ſouth. 


2 2 | | Thus 


fs 
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2 : 224430 12 . 4 Tf -} ; ; n 8 
Mos he AZ be art of a meridian; A c 
32 1 2 


CCW A is 2 mt be 
north, ad the courle from 2 tc oA ſouth.” This i 


, + FAR Va. 

is evident from the n nature 115 a : meridi that it 

161 EOF; £ P OT 3225 FIC: FS | 

mar] 4 upon the 1orizoh the north and fouth 
14189 << 4 TIP DIESS. "of EET 

points, and” that every Point of of 0 meridian is 


north or r fouth fr from oY ot] her point of it. 


af 3; 3 . y de A 


From hence wen may dedyce t the followi ng corol- 
; tary: that if a ſhip f fails due north or ſouth, 5 
will continue on the far me m eridian. | 


Ye 33 1 Py 4 44144 


Tr Two PLACES LIE 5 — THE EQUATOR, the 


— > Hop 


5 cat from one to. the other i 15 an; Arc. 'of the 


2344 1 * $a 2 * . 444 * * 2's 8 


e de and is due caſt or weſt, Thus let a Z, 


bg: 7, be a part of the equator; if a be weſt 


2, the e courſe from, a to 2 is caſt, and | the 
$4553 454 


93 & fro : 0 2 to a 1s weſt: for ſince the equator 


m 28. ein LAY. FT 
1 8 e — 5 and w. we! points upon the horizon, 
N 8 * Ex 75 Pe "+ 2181 
every point of the equator lies eaſt. or weſt of 


every other point of it, as may be ſeen 1 upon the 


Ky 11 h 


globe, | by placing ig it as for a right {ph ere, and 


bringing a or - or. any 0 the inte 
2 


; points, to. the zenith; when it it will be evident, | 

that if we are to go from one of theſe, 2 nts a, | 
| to the orhier 2 or to any, point on ie, equator, 
we muſt. continue. our r courſe « due caſt” to: arrive 


e 


: this c co ſequence, that ifa ſhip under che equa- 
tor fails oy. Bk weſt, ſhe will; continue under | 
the equator > £4 

| "In. . 7 e caſes the courſe being 


401 0 ES 21011 291 20 — 85 OZ 4 
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22 10 212 72133 VER 
an arc of i gre t cat circle, ( (ihe ü or equa tor) 


3513. 90618, SK equa 


is the ſhort eff and the moſt convenient way it 


} can fall. 
RES, c 177 — — SLY! 1 9410 PII. 11 
Tr Two PLACES LIE nb R THE $, SANE 3.27 
' 8323 b 13 : 


LEL, the courſe from one t. to the oth is due « 
: this 189 10 86. Be 
of welt; t this 1 be feen upon, th | lobe 1 
ak 4 4 che * 12 * ka 23. 
the follow wing m : brin any Point 
92 2 2 iy 
parallel io to the RT oy: re cha 2 thread o ove 
it, perpendic icular | 0 he meridian; ET L rod 


Þ $4 Ro 


will then be a tangent: to the pa Parallel. an 


2 kas wad 2 


ceaſt and weſt from the point of contact. 


23 4 £33 — SAD 4 4. Fk a 


if 2 ſhip falls 8 el, Hue < or, weſt, 


— 2 7 Jan 2 — 42 8 
ſie w if continue in che far ng: arallel. el. In 1 this. 
A. 1 3 34 3 23 14 It mY 
caſe, the mo convenient .courle, though no NO 
1 * 228 


2 Lit 2 AS 210 1 

the 8 wa fro om one to the other, i 1s to 2 due 
FOUL way 
or weſt. - 


4 | 
rr . 


£2 1 4 4 3 Þ „„ Nr. 115 0 2 24225 
I TWO PLACES LIE NEITHER UNDER, THE. 


"% 


1 I LA. F Re E 5 a wu 2 1 108 — 7 21 


EQUATOR, NOR ON THE SAME 2 Mn ON NOR, IN : 


2 


* A ee 
choup gh not t the thoreeft, courſe from s one to the 
LET. Pa 


oth T, is in a a rhumb. 


5 


wo. 1 F4 __ 2 1 


N | the two places, we muſt be perpetpally chat Ti 


14 4 2 G E 
ing our cou ſe. Thus fig. 8, whatever i is the 
b of 1 rom m A, the bearings of all the 


intermediate © points, wo B, 8 D, E, &c, wi 


; 4218 wm 42) + $a 
different on om it, 2: Well a as ay Fen from each $ 


bak as may be cafil ſeen upon t the glo be, by 
ng thi firſt} point A to the zenith, and ob. 


Z3 A ſerving. : 


* bat 1 1 


. or it we.  hould in 7 caſe attempt to ga 
| ET rteft wa way, in af great circle drawn through 
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_ ſerving the bearing of Z from each of them, 
Thus ſuppoſe When the globe is rectified to the 

Horizon of A, the bearing of Z from A be north- 5 
eaſt, and the angle of poſition of Z, with regard 
to A, be 45 degrees; if we bring B to the ze- 
nith, 'we ſhall have a different horizon, and the 
bearing and angle of poſition from 2 to B will i 

be different from the former; and ſo on of the 

5 other points FC T E, they will each of them ; 
have 2 different horizon, and Z will have a dif- 

fete ent bearing and angle of pofition. 99 5 

5 F rom hence u we may draw this corollary, chat 
when two Places lie one from the other, towards 
a Point not cardinal, if We fail from one, place 

| towards the point of the other s bearing, we „ 
fall never arrive at the other place. Thus i Ch 

Z lies north-eaſt from A, if we fail from A = 

towards the north-eaſt, we fhall never arrive | 
at Z. N e 2 n : 

I” Kb upon the globe 1 is a line drawn. 
from 4 given place A, ſo as to cut all the me- 
ridians it paſſes through at equal angles; the 5 

5 rhumbs': are denominated from the PINts « of the 
compaſs, in a different manner from the Winds. i 

Thus, at ſea, t the north-eaſt wind i is that whict ch | 

| blows from the north-eaſt point of the horizon, * 
towards the : ſhip | in \ which” we are; HO we are | 


rowards the onh-eaſt; | ; I 
te rhumb A 5 c 925 8. s, (phe 1 1 5 


2 1 125 : 
bo 
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paſſing through the meridians L. No, Fd 
makes the angles LAB, NBC, P CD, equal; 
from whence | it follows, that the direction of a 
rhumb is in every part of it towards the ſame 
point of the compaſs; thus from every point of 
a north-eaſt rhumb upon the globe, the direction 
is towards the north-eaſt, and that rhumb makes 
an angle of 45 deg. with every 1 TNE: it is 8 
drawn through. 


Another property of the rhumbs i is, that 1 
parts of the ſame rhumb are contained between 
Parallels of equal diſtance of latitude; ſo that a 
ſhip continuing in the ſame rhumb, will run the 
ſame number of miles in ſailing from the parallel 
of 10 to the parallel of 30, as ſhe does i in 3 
from the parallel of 30 to that of o. 
I.uxe fourth thing mentioned to be required i in 
navigation, was, to know at any time what point 
of the globe a ſhip is upon. This depends upon 
four things; 1. the longitude; 2. the latitude; 
3. the courſe the ſhip has run; 4. the diſtance, 
that i is, the way the has made; or the number of 

leagues « or miles ſhe has run in that courſe, from 

the place of the laſt obſervation. Now any two 

of theſe 8 eee dhe reſt _ be eafily” 
found, {© i ; SU 20%! 10 200998199 9302 batt. 

Having han given weine bla idea of na- 
vigation, we now proceed to the problems by 
which the caſes of failing are ſolved on the 
globe. e 7 95 | 


3 14 9 
Dad ren 


% n 
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* 


: PROBLEM xL1v. = 


"+ $1 


| Given che. difference of latitude, and difference. | 
of e to find the courſe 10 dige 
| failed® | | 
Rt TY Admit a ſhip alls PER a port 4; | 
in latitude 38 deg. to another port B, inlatitude 


s deg. and Hinds. ys ci, _ ende 0 


43 deg. 
Let the port A be ab to ah meridian, | 
and- elevate the globe to the given latitude of 


that port 38 deg. and fixing the quadrant of 


altitude pteciſely over it on the meridian, move 
the quadrant to lie over the ſecond port B, 
{found by the given difference of latitude and 
longitude) then will it cut inthe horizon zodeg. 


45 min. for the angle of the 8111's cours to be 
ſteered from the port A. Alſo, count the de- 


| l the quadrant between the two ports, 


you will find 51 deg.; this number mul- 


 iplied by 60, (the nautical miles in a degree) : 


I Ch Ch ge Sts 

= 8 PROBLEM, xLy, 15 5 
Given. thi difference of latitude and 6 to a 
find me difference 9 an 28 aüilkanes 


. 
1 Is 
we. PEE 2 


kante. | Mate ip au. bene por 5A, 7 


9 : 5e Martin on the — 55 


> 


S > n * - 7% 

C4 1 

n 
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in 25 deg. north latitude, to another port B, in 
30 deg. ſouth latitude, upon a courſe of 43 deg. 

Bring the port A to the meridian, and rectify 
the globe to the latitude thereof 25 deg. where 
fix the quadrant of altitude, and place it ſa as ta 


make an angle with the meridian of 43 deg; in 


the horizon, and obſerve where the edge of the 
quadramt interſects the parallel of 30 deg, ſouth. 
latitude, for that is the place of the port B. 
Then count the number of degrees on the. edge 
of the quadrant. interſected between: the two: 


ports, and there will be found 73 deg. which 


multiplied by 60, gives 43 80 miles for the diſ- 
tance ſailed. As the two ports are now known, 


let each be brought to the meridian, and obſerve 
their difference of longitude in the See re- 


ſpectively, which will be found 50 deg. 
N. B. Hadi this problem been 8 


' LOX@DROMICS, on failing on a; rhumb, the di- 


ference of longitude. would then have been 52. 


dee hemmen che ru por. 


e PROBLEM. XI VI. 


Given: the difference of latitude and diſtance run, 3 
to find the di fference of longitude, nd engl : 
of the courſe... 


Example. A | 


| in.latitude:s odeg: to another port. B. in latitude 


17; deg, 30 min. andiher diſtance runibe: 222 | 
miles, Rectif/ the globei to the latitude ohe? 
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| place A, then the ase run, reduced to 855 
grees, will make 37 deg: which are to be 
reckoned from the chid of the quadrant lying N 
over the port A, under the meridian; then is the 
quadrant to be moved, till the 37 deg. coincides 
with the parallel of 17 deg. 30 min. north lati- 
tude; then will the angle of che courſe appear in 
8 the arch of the horizon; intercepted: between the 
quadrant and the mitidian, * which will“ be 32 
deg. 40 min.; and by making a a mark on the 
globe for the port B, and bringing the ſame to 
the meridian, you; will obſerve what number of 
degrees paſs under the eridian, which will - be 
205 the difference of ee e e ee, 


9 . «#45 3 131 


2 N40 un Meittn 0 


* 41 4 it 3 PROB1I 1 * M. , | gods by. * 11 
: Given 80 difference ;of longitude EG 10 
findthe difference of latitude and diſtance failetl. 


| Exaniple! 155 Suppoſe aſhip fails from A, in the 
latitude 51 deg. on a courſe making an angle 
with the meridian of 40 deg; till the diffcreneng 
> OF longitude be found juſt 20 deg. ; then rectify- 
ing the globe o the latitude of the port A, Place A 
the quadrant of altitude ſo as to make an angle | 
of 40 deg. with the meridian; then obſerve _in_ 
what point it interſects the meridian paſſing 
through the given longitude of the port B, and 
there make a mark to repreſent the aid port; 
then the number of degrees lintercepted between 


rhat and me fer: A: w vil be as, which vill give- 8 


Sole : 206: e 099 
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1680 miles for the diſtance run. And the ſaid 
mark for the port B, being brought to the meri- 
dian, will have it's latitude there ſhewn to be 


27 7 des. 40 min. „ 
DR OB LEM XLVIII. 


Given the courſe and diſtance ſailed, to find the 
difference of longitude, and difference of 


© latitude. 


Example. 3 a this. fails 1800 miles 

From: a port A, 51 deg. 15 min. ſouth-weſt, on 

an angle of 45 deg. to another it. 2m, 
Having rectified the globe to the port A, fix 

the quadrant of. altitude over it. in the zenith, 

and place it to the ſouth-weſt point in the hori- 

: 20n; then upon the edge of the quadrant under 

30 deg. (equal to 1800 miles from the port A) 
is the port! B; which bring to the meridian, and 

you will there ſee the latitude; and at the ſame 

time, it $ longitude in the equator, in the pin 

| cut by the meridian. 

© Tn all theſe caſes, the "ſhip i is 1 to o be, 

| kept upon the ARCH OF A GREAT CIRCLE, which 
is not difficult to be done, very nearly, by means 

of the globe, by frequently obſerving the latitude,, 

meaſuring. the diſtance failed, and (when vou 

5 can) finding the, difference, of longitude; tor. - 
| one of theſe being £ given, the place and fourſe of; 

the ſhip is known at the fame time; and there- 

fore the preceding courſe may be altered, - as, 

rectified N any trouble, through che 


. 3 age, 


| 
1 
1 
N 

| 

| 

| 


| 
| 
| 
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voyage, as often as ſuch obſervations can be ob- 
tained, or it is ſound neceſſary, Now if any 6f 


| theſe para are but of the quantity of four or 


five degrees, it will ſuffice for correcting. the 
ſhip's courſe by the globe, and carrying her di- 
rectly to the intended port, Os to the 


IN e 
PROBLEM LLIX, 


To ſteer a ſhip upon the arch of a great circle 
by the given difference of latitude, or differ- 
ence of [RY or ae, We =p a 9 i 
Aemit 4 hip al gon a port Fa to d very 


8 aiftanc port Z, whoſe latitude and longitude are 


Sir well: as it's geographical e from 
oy kavit g recti fied the glober to the wy rt 


Hy the A of altitude over the port Z, anc 


draw thereby the arch of a great ity Weed | 


A and Z; this will deſign The: intended path e or 
tract of the ſhip. | 


Secondly, having Kept the Pr upon the fit 


| ove courſe for ſome time, ſuppoſe by anobſer- 
5 vation you find the latit tude of the PRESENT PLACE 
of the ſhip) tlits added to, or ſubduded* from 


the latitutle of the” port A; will give the prefent 


latitude i in tlie meridian; to which” bring, rhe 
hit of the ſhip; and the part therein, which lies 
ner, the new, lätltade, is the true place B of 


ä arch, To the latitude of B* 
8 
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rectify. the globe, and lay the quadrant over Z, 


and it will ſhew in the horizon the NEW: COURSE. 
to be ſteered. 


Thirdly, ſuppoſe the ſhip to Is 3 upon 
this courſe, till her diſtance run be found 300 
miles, or 5 deg.; then, the globe being rectified 
to the place Bin the zenith, laying the quadrant 
from thence over the great arch, make a mark 
at the th degree from B. and that will be the 
preſent, place. of the ſhip, which call C; which, 
1 85 brought to the meridian, it's latitude and 

5 will. be known. Then rectify. the 
be to the place C, and laying the quadrant 


| 675 thence to Z, the new courſe to be end, 


+ 4 
* 


| will Appear in the horizon. 


Fourthly, having ſteered ſome. EY 8 


new courſe, ſuppoſe, by. ſome. means or other, 


you come to know the difference, of longitude. of 
the preſent place of the ſhip, and of any of the 
preceding places, C, B, A; as B, for inſtances: 
then bring B to the meridian, and turn the 
globe about, till ſo many degrees of tha equator 
paſs under the meridian, as are equal to the dic: 

covered difference of longitude; then the poi 


5 of the great arch cut by the meridian, is the pre- 


ſent place D of the ſhip, to w hich the new 


courſe is to be found as before. 


Ang thus, by repegting kheſe obſervations-at-- 


proper interyals, you will find future places, E. 


FG Kc. in the great arch; and by — 
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me courſe at each, your ſhip will be conducted 


on the great "circle, or the neareſt way from 
the port * to 25 wt Wow USE OF THE "GLOBE? 


8 8 e eee 
** | 
£ 8 


BS: & 88 R [ ; 
8 4 5 7 - 2 8 „ — 4 F * 1 3 . 8 
F © 1 * 3 1 . EA 7 $34 3 
. 91 FR. #4 5 * N 1 . . A 4 * » $ i 3, Sox , 


Or THE GENERAL DISTRIBUTION OF-LAND AND: 
. Warzr x THE TERRAQUEOVUS GLOBE, WITH 
SOME. OTHER GEOGRAPHICAL OBSERVATIONS. 


Though the nature of c our plan does not per- 
mĩt us to enter into many geographical diſqui- : 
fitions, yet we preſume the following genen 
view will not be deemed irrelative to the fubje&; 


| as, while it ends to o bring the pupil =" 20 


#4 


pleating relief from che more -abſtruſe Wy in” 


| which he has been exerciſed. 


1 the pupil confiders the retreftrial globe s 
pr he will find that Tand and water are gene- ; 


rally contraſted to one another on the oppoſite 
ice of the world; that is, if the re be land on | 
one ſide, it is anſwered by water in the anti- | 
/ podes. Thus for inſtance, the eircumpolar 
. parts of the northern kemiſphere conſiſt chiefly 


of land: hut the circumpolar parts of the ſouth / 

conſiſt almoſt entirely of water. It was for- g 
merly thought, that as there is fo much land 
about the north pole, land would alſo have been 


found' about the ſouth Pole, to have balanced 


. parent the diſcoveries of our r circum-nayiga- , 


lh 4 we {? £4 12 5 4 255 , W N 
© A * | Ns — ; 3 f | tors 
73 205 1 : . 8 : CEN : ;F 5 = a i . 
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tors 8 ſhewn, that no ſuch land i is to be met 
with ; nor ought it to have been expected, for 
land on one fide. is blended mmer e on the 
oppoſite. * 8 
If you 3 the 5 of Good "as 2 
the ſtrong braſs meridian, this meridian will 
paſs through the heart of the continents of 
Europe and Africa ; but che oppoſite ſemicircle 
paſſes through the middle of the great ſouth 
ſea. When the middle of the northern conti- 
nent of America, about the meridian of Mexico, 
is examined in the fame way, the oppoſite part 
| paſſes through the middle of the Indian ocean. 
The ſouthern continent of New: Holland is op- 
poſite to the Atlantic ocean. This alternation 
of land and water is too regular to have been 
caſual; but of the reaſon for it, or the benefits - 
ariſing from-it, we are altogether ignorant. 
There is another phænomenon which is more 
ws to our capacity, the manifeſt ſu periority of : 
the northern hemiſphere of the world over the 
ſouthern. It has more land, more ſun, mors 
light, more heat, more arts; more ſenſe mort 
learning, more truth, more religion. The land 
of the ſouthern hemiſphere, that is, the land 
vhich lies on the other ſide of che equinectial 
line, does not amount to oner fourth Port of f 
. is ; found o on ' the north ſide: 207 eee 


* Jones's Phyſiologi cal Diſquiſitions. 


L * 
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The Gini fron the eccentricity of the eke 
orbit, and the ſituation of the aphelion, makes 
our ſummer: eight days longer than the ſummer 


of the other hemiſphere, which in the ſpace of 


4000 years amounts to more than 8 years. ö 
The temperature of the earch and atmoſphere 


in the higher northern latitudes; i is much more 


mild and moderate chan 1 in the correſpondent 
ſouthern latitudes. The dreary face of Skaten 
land, with the weather-beaten Cape of South 
America, a olimuate? ſo ſevere, as ſcareely to ad- 
mit of any human inhabitant, is not nearer to the 
pole than the northern / counties of England, 
while the difference in the atmoſphere and the 
aſpect of the earth is almoſt incredible: 
The nights of the northern hemiſphere dif- 


N richtr canopy than thoſe of the ſouthern. 
The ſtars of ſuperior magnitude are more 


numerous on this ſide the equinoctial than on 


the. other. . When the ſun is remote from us 


in winter, our longeſt nights are illuminated 


15 r the principal ſtars of the firmament. When 


the ſun enters Capricorn, the Whole conſtella- 
tion of Orion, the brighteſt in the heavens, 


comes to the meridian about midnight, with 
ſeveral other ſtars of the firſt magnitude. If 
the mid winter of the ſouthern hemiſphere be 
compared, the inferjority of the nocturnal illu- 
ara is wonderful, and will be evident 


to 
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to any one who examines the ben on a 


© . celeſtial globe. 903 


The intellectual advantages of ch northern 
hemiſphere are equally conſpicuous ' with the 
natural advantages. In the one, the arts and 
ſciences have always. flouriſhed; but where are 
the poets, the hiſtorians, the orators, the philo- 
ſophers, of the ſouthern world? We may as 
well ſearch for the ſciences among the beaſts of 
the wilderneſs. There would be no end; if we 
- were to continue the compariſon through all the 
- ſeveral improvements which may be compre- 
hended under the name of humanity ; for here 
we have every thing that can adorn the human 
life, and there they can have nothing. He that 
confiders the ſubject, will find that the natural 
and intellectual e e wen 
to each other. £ 
Every habitable ntituge: enjoys a denk of 66 
degrees at leaſt, for two months; which heat 
ſeems neceffary for the growth and maturity of 
corn. The quickneſs of vegetation in the higher 
© latitudes, proceeds from the duration of the ſun 
. over the horizon. Rain is little wanted, as the 
earth is ſaffictently moiſtened by the melting of 
the-Mmow that covers it during the winter: cir. 
eumſtances, which, among many others, evince - 
the wiſe — of — by divine HE 1 5 
vidence. | N 
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It is owing to the ſame provident hand that 
the globe of the earth is interſected wirh ſeas. 
1 and mountains, in a- manner that on it's firſt 


* 


appearance ſeems: altogether irregular and for- 


tuitous, preſenting to the uninformed eye the * 


view of an immenſe ruin; but when the effects 
of theſe ſeeming irregularities on the face of the 
globe, are carefully inſpected, they are found 
moſt beneficial, and even neceſſary ta the welfare 
o it's} inhabitants for to ſay nothing of the ad- 
vantages of trade and commerce, which could 
not exiſt without cheſe ſeas it is by. them that 
the cold of the higher, and the heat of the lower 


latitude, 1 is moderated. It is by the want of ſeas, : 


that the interior parts of | Alia, as Siberia and 


Great Tartary, as well as thoſe of Africa, . 


rendered almoſt_uninhabitable, _ In the ſame 


a manner, mountains are neceſſary, nor only as 


F the ſources of rivers, but as a defence againſt 


: "hearkt in the warm latitudes; Without the Alps, 
Pyrenees, Apenine, the mountains Dauphine 


: Ang Auvergne, Italy, id Sp ain, and France, would ö ” 


be deprived of the mild air they now enjoy. 


Without the Balgate hills, or Indian Apenine, 8 
To India would have been a deſert. Hence Jamaica, i 
| St. Domingo, Sumatraà, and moſt other intertro- 
9 pical iſlands, are furniſhed with mountains, 


from which proceed t the breezes by: which they | 


are refreſhed, e 


ESSAY. 


wy 


24 * EKiwan on Climates, 
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IHE 0 pole is an artet r. repre- 
4 fentation of the heavens, having the fixed 
- ies drawn upon it, in their natural orden and 
ſituation; whilſt it's rotation on it's axis repre- 


ſents the apparent diurnal motion of the for, 
| moon, and ſtars. | 


* 
-. 


It is not known how ans, th ancients had 


any thing of this kind: we are not certain what 


the ſphere of Atlas or Muſæus was; perhaps | 
Palamedes, who lived about the time of the 


Trojan war, e e 205 te: nd; for of 


7% 


F. e W 8 Iz 


10 mark the figns that cloudleſs ſkis bete 
T0. tell the ſeaſons, when to fail and plow, 
He firſt deviſed ; each planet's order won 
It's s diſtance, period, in the blue profound.” 


Erom Pliny it would ſeem that Ek 
bo 2, ccleſtial (globe with the ſtars deliheated 
Wk. 5 enn, 

It is not to be ſuppoſed chat the celeſtial globe | 


2 525 3 22 Ts ; 1 21 
. a 5 . 
2 1 , : 
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is ſo juſt a repreſentation of the heavens as the 
terreſtrial globe is of the earth; becauſe here the 
ſtars ard drawn upon a convex ſurface, whereas 
they naturally appear in a concave one. But 
ſuppoſe the globe were made of glaſs, then to 
an eye placed 1 in the center, the ſtars which are , 
drawn upon! it would appear in a concave * 
face, Juſt as they do in the heavehs. 

Or if the reader was to "3-0 ae holes 
were made in each ſtar, and an eye placed in the 
center of the globe, it would view, through thoſe 

holes, the fame i in che hopven that ey + 
oy | Kr, gate POL OWL OP RE + f nl 
„ N the — W Pa tag on it's ; 
„5 «/ » repreſents the” real diurnal:motion, of the 
| earth; ſo the celeſtial globe, by turning on it's 
axis, ge "ow 9-1 Fran eh motion 1 
. the nlrevOperſdicairy f andto "dc _ 
tinuel references, it will be neceſſary to repeat 
here ſome articles which have. deen already 
33 L mentioned. ney 
The 8 is 5 ae . which | „ 
5 croſſes the equator in an angle of about 234 de- | . 
grees, and the angle is A the e of 5 
the ecliptic. . f 
5 = Tl This circle is W . equal 
„„ conſiſting o of 30 degrees each; the eienr er 
them are marked with eee e 
E ma twelve ſigns. . os 


©; + 


Aries 
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Aries F. Taurus 8, Gemini II, Cancer oz 5, 
Leo N, Virgo ww, Libra , Scorpio m, 
Sagittarius 5 5% Capricornus . e e =, | 
Piſces 56. | | 

Upon my father's globes, Juſt aide the eclip- 
tic, the months, and days of each month, are 
graduated, for the readier fixing the artificial 
ſun upon it's lace i in the ecliptic. | 

The two points where the ecliptic croſſes the 

| equinoQtial, ( the circle that anſwers to the equa- 

tor on the terreſtrial globe) are called the equi- 
noctial points; they are at the beginnings of 
Aries and Libra, and are ſo called, becauſe when 
the ſun i is in either of them, the tg anc . 
f is every where equal. 1 HEOAT 
The firſt points of Cancer and Cape are 
called ſofftitial points; becauſe when the ſun ar- 
rives at either of them, he ſeems to ſtand in a 
manner ſtill for ſeveral days, in reſpect to his 

_ diſtance from the equinoctial when he is in one 
ſolſtitial point, he makes to us the longeſt day; 
| when i in the other, the longeſt night. 

TheTatitude and longitude of fiars are e deter- 
h from the ecliptic. | 

The longitude of the ſtars and planets | is 

reckoned upon the ecliptic ; the numbers begin- 
ning at the firſt points of Aries FT. where the 
ecliptic croffes the equator, and increaſe ac- 
cording to the order of the 8 5 


43 ä 
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Thus ſuppoſe the ſun to be in the roth 8 
of, Leo, we ſay, his longitude, or place, i is four 
ſigns, ten degrees; ; becauſe he has already paſſed. _ 
'the four ſigns, Aries, Taurus, Gemini, Cancer, 1 = 
and i is ten degrees 1 m the Bh. 3. -- 0 5 
5 The latitude of the ſtars and planets ae 55 
mined. by their diſtance from the ecliptic upon "fs 
ſecondary or great circle paſſing. through it S, 
poles, and crofling i it at right angles. 4 
Twenty-four. of. theſe circular lines, — 
croſs. the ecliptic at right angles, being. fifteen | 
degrees from each other, are drawn upon me 
ſurface of our celeſtial globe ; which being 5 
| produced, both Ways, thoſe on one fide meet in 
a point on the northern polar circle, and thoſe „„ 
on the other meet in a N D the ſouthern. 
PO: circle... 3 3 
7 The points 1 57 . gs meeting of 
chele circles: are called the Nele of che ecliptic,, 1 5 
one! th, the other, ſouth.” AGE x 
From theſe definitions it follows, that jongi- 5 1 
| ate and latitude on the celeſtial globe bear 57 
juſt the ſame relation 10 the ecliptic, as r do | |: 
on the terreſtrial globe to the equator. 43H 
Thus as the longitude of places on the 8 is 
8 by degrees upon the equator, counting 
from the firſt meridian; ſo the longitude of the ; 
5 heavenly. bodies is meaſured by degrees upon 
the ecliptic, e from, the. firſt Fan, of 
Aries. ons Ps EY 


* 


5 


* 
* 
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* 


And as 1 on the canth'4 is meaſured by 


Z Arien upon the meridian, counting from the 
equator; fo the latztude of the heavenly bodies 


is meaſured by degrees upon a circle of longi- 
tude, counting either north or ſouth from, the | 


ecliptic}... : +: 8 


The ſun, therefore, 5 no 1 eons _ 
ways in the ecliptic ; nor do we uſually fpeak of 
his longitude, but rather of his place in the 
ecliptic, expreſſing it by ſuch à degree and 
minute of ſuch a ſign, as 5 degrees of Taurus, 
_ inſtead of 35 degrees of longitude... „ ute, 

be. diſtance of any heavenly 3 Som. the 
„ meaſured upon the, ee 


. called! it's declination. _ "I : 


Therefore, the ſun's, Fe ba or 
ſouth, at any time, is the ſame as the latitude 
of any place to which he is then vertical, ier 
is never more than 234 degrees. 

Therefore all PARALLELS or DECLINATION on. 
the celeſtial, globe are the pry ame as arallels, 

of latitude on the terreſtrial. | e WS 

Stars may have north ainadeand four deli. 


—_ and vice verſa. ie 4 


That which is 0 11 5 8 las on. hay ter i 


reſtrial globe, is called RIGHT ASCENSION: on 


the celeſtial; namely, the ſun or ſtars diſtance ; 


. tram that meridian which, paſſes. e RG 
| firſt Point e EY te 


Which the ſtars that are either i m n or gear them, 
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Aſtronomers alſo ſpeak of OBLIQUE ASCENSION 


nl DESCENSION, by which they mean the diſ- 


tance of that point of the equinoctial from the 
firſt poin int of Aries, which in an oblique ſphere | 


riſes or ſets; at the ſame time that * ſun or 


* 
1 


ſtar riſes or ſets. 's : 
- ASCENSIONAL Aarende in the Aris be. 


twirt right and oblique aſcenſion. The ſun's 
aſcenſional difference turned into time, is juſt fo | 


much as he riſes before or after fix o'clock. 


The celeſtial ſigns and conſtellations on FRY 


frſaee of the \ celeſtial globe, are repreſented 
by a variety of human and other figures, to 


17 % 


are referred. 7 8 9 3 
The ſeveral ſyſtems of ſtars > which are eie. 
to thoſe images, are called conſtellations: 


Twalve-of rheſe are repreſented on che ecliptio 


* 


F 


circle, and extend both northward and fouth⸗ 85 


ward n . So many of thoſe ſtals as fall 


Within the limits of 8 degrees on both ſides of 
the ecliptic circle, rogether” with ſuch parts of 


within the afore- 


their images as are cot 


ſaid bounds, conſtitute a kind of broad wet 
belt; or girdle, which is called the zoprac.” 

The names and the reſpective” characters of 
the tweloe ſigns of the ecliptic may be learned 
by 5 Fey e on the furface of the broad piper 


ale, | 


2 


aA 
ry 
- 
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The zodiac is repreſented by eight eireles 
parallel to the ecliptic, on each ſide thereof; 
+. theſe circles are one degree diſtant from each 
- Other, ſo that the ww en "I! wa Zodiac Ho 
| 16 degree. i 
„ Among e del the Jarituge' of the 
| planet is reckoned; and in their apparent 
motion 1 7800 TY exceed” the limits "oF" TIN 
9 ee ee 
| On each fide We: the wodite, as was yay | 
5 i nin conſtellations are diſtinguiſhed ; thoſe on 
8 the north ſide are called northern, and thoſe on 
: Ki l ag of it, Turhern' HE hte 3 TORN 


FS 
£1. i k 1 1 7 1 * 4 
1 
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Al the ſtars which compoſe theſe conſtella- 
Bons, are fuppofedd to increaſe their longitude 
continually; upon which ſuppoſiti tion, the whole 
ſtarry firmament has a flow motion from weſt 
_ roaſt; inſomuch that the firſt'ftar i in the con- 
| ſtellation of Aries, which appeared in rhe vernal 
imterſection of the equator and ecliptic in the 
teime of Meton the Athenian, upwards of 1900 
years 180, 18 o zn eee 30 8 9 5 

| from it ee 
5 This ena of the ſtars in Tongitude, which? 
has now become Tofficiently apparent, is owing 
to a ſmall retrograde motion of the equinoctial 
points; of about 50 ſecends in a year, which is 
Err * and moon 


9 2 upon 


* 


i 


*. 
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uponithe. protuberaut matter about the equator. 


The ſame cauſe alſo oecaſions a ſmall deviation 
in the. paralleliſm. of the earthis axis, by which it 
is; continually directed towards. different points 
in the heavens, and makes a complete revolution 


vun the ecliptic in about 25,920 years. The : 


er of theſe motions; is called THE PRECES810N 
or ruf NO ts, the latter TE NUTATION oH 


IHE EARTH'S AXIS. In conſequence ofthis ſhifting 


0 the equinoctial points, an alteration has taken 
place in the ſigns. of the ecliptic; thoſe ſtars. 
which in the infaney of aſtronomy were in Aries, 
being now got into Taurus, thoſe of Taurus 
into Gemini, &c. ſo that the ſtars which roſe and 
ſet at any particular ſeaſon of the year, in the 
times of Heſiod, Eudoxus, and Virgil, will not 

at preſent anſwer the eee n n.of en 
de hee 

95 REPRESENT 7E MOTION, or THE rauhe 
1141 PC INTS. BACKWARDS, OR IN AN TECEDENTIA,, 
urn TRE SRLESFL AL) GLOBE, elevate the north, 
pole o that it's axis may be perpendicular to 
the plane of the broad paper circle, and the equa- 
tor will then be in the ſame, plane; let theſe. 


| repreſent the ecliptic, and then the poles of the 


globe. will alſo. repreſent: thoſe. of theeeclipric; 
_ the: ecliptic line upon the globe will at the ſame 

time repreſent the equator, inclined i in an angle 
of 234: degrees to the broad paper circle, 


* called abr. lips. and e it in twa, 
points, 


Sq 


Points, which are g weed inter- 
ſections. a 


Now if you t turn the globe flowly r round upon. 


* it's axis from caſt. to welt, while it is in this po- 
 Girion, theſe Points of interſection will move 
round che ſame way; and the inclination of the 
circle, * which | in  ſhewing this motion reprelents 
the equinoRtial, vill not be altered by ſuch. ry 
| revolution of the interſecting or equinoctial 

| points. | This motion is called, the preceſſic ion of 

| the-equinoxes, becauſe it carries the CURIE 


points backwards amongſt the fixed ſtars. 8 Ty w 


5 The poles of the world ſcem to deſcribe a A - cir- 


cle from eaſt to weſt, round the poles of the 
ecliptic, ariſing from the preceſſion of the 


. "equinox. It is a very ſlow motion, for the equi- 
noctial points take up 72 years to move one de- 


15 deſcribing 360 degrees, or apt a een 
oy tion. 


| „„ circle repreſents the ecliptic, and the axis of the 


globe being prependicular thereto, repreſents the 


% of the ecliptic ; and the two points, where. 
the circular lines meet, will repreſent 


- : poles! of the world, whence as the globe'is: don Z 
h turned from caſt. to weſt, theſe: points will revolve 
the ſame way about the poles of the globe, which 


gree, and therefore they are 25,920. years in 


-- "his motion of the pales is e repreſented 
by. the above-deſcribed poſition of the globe, in 
£ which, if the reader: remembers, the broad paper 
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are here ſuppoſed to 6 repreſent” the poles of the 
ecliptic. The -axis of the yorld may revolve as 
above, , although it's fityation, with reſpect to the 
ecliptic, be not altered; for the points here ſup- 
poſed to repreſent the poles of the world, will . 
alwa' 'S keep, the fame diftance | from the broad » 
paper circle, Which repreſents the ecliptic i in TW, 
ſituation of the globe.* = 50 - 3 | f 
s 1 From the different degrees c of cee i in 8 | 

- flars, ſome appear tc to be greater than others, or : 
nearer to us; on” our celeſtial globe they. are 
diſtinguiſhed i into ſeven Aiﬀerent magnitudes, 


* 


anl. 
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ſuch importance to wan, that in all things 

be claims a natural preheminence. The ſun is 

at anoe de moſt e uf the S 
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preme Being, and, under his influence, the 
foſtering parent of worlds; being preſent to them 
by his rays, cheering them by his countenance, 
cheriſhing them by his heat, adorning them at 
each returning ſpring with the gayeſt and richeſt 
attire, illuminating them with his en 
feeding the lamp of life. | + TY 

Io the ancients he was known Tg. a ca 
6 names, each characteriſtic of his different 
elle he was their Hercules, the great de- 
liverer, the reſtorer of light out of darkneſs, the 
diſpenſet of good, continually labouring for the 
happineſs of a depraved race. He was the Mi- 
thra of the Perſians, a word derived from love, 
or mercy, becauſe the whole world is cheriſhed 
by 0; and feels as s it were the _— Ms his 
ee on ns e a 2447 


EIn; a Gems: 3 3 i" of 


all emblematical writings, our Lord: is:called our 
ſun, and che ſun of righteouſneſs; and as there is 
wo) one ſun in the heavens, ſo there is hut one 

trus God, the maker and redeemer of all things, 
the light of the . * om of 
| the ſoul. 

As in ſoripture n 1 pla lle 14 
"a buckler, ſo the ſun is characterized by this 
mark G repreſenting a -ſhieldior Buckler, che 
middle point the utrbo, or boſs ß; Becunſe it is 
dove, or Jie, 870 ann can 39 85 rom fear 
and death. 
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Hlis celeſtial rays," like thoſe of the ſun, take 
meir circuit round the earth; there is no corner 
* it ſo remote as to he without the reach of their 
vivifying and penetrating power. As the mate- 

Tia e is always ready to run it's heavenly race, 
and daily iſſues forth with renewed vigour, like 
an invincible champion, Rill-freſh- to labour; ſo 

Ikewiſe did our xepermING Gob rejoice to run 
his glorious race, he excelled in ſtrength, and 

triumphed; and continues to triumph over all 

the powers of darkneſs, and is ever manifeſting 
imſelf as the deliverer, the protector, the e a 
and aher of the human race. 'B 30 $2397 
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To „ the geleſtial globe. 0 
To on the celeſtial globe, is to par it in 
hat poſition in which it may repreſent er 
15 apparent motion of the heavens.” FUGNES, 5 
In different places, the poſition will DIY — 
his: according to the different latitude of the 
Places. Therefore, to rectify for any place, 
find firſt, e the 14, 
r C eſt i963 
he Addurdeer whe: W being Gt in de- 
grees, elevate the pole of the celeſtial globe the 
fame number of degrees and minutes above the 
27 . . orizon, for W he name given 
2 1110 JJ BHO 8 "ON you. | 
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to the bread. paper circle, in data ye: of the ce- 
leſtial globe. c 18! 0 
Uhhus the de 4h 1 Gs 3 dew 
grees, let the globe be moved till the plane of 
the horizon cuts the meridian in that point. 
The next rectification is for the ſun's place, 
which may be performed as directed in pr. xxix; 
or look for the day of the month cloſe under the 
ecliptic line, againſt which is the ſun's place, 
8 place the artificial ſun over that point, then 
95 bring the ſun's place to the graduated edge of 
le ſtrong brazen. meridian, and ſet. the hour wy | 
dex to the moſt elevated twelve. e id 
Thus on the 24thof May the ſun is in ; 3 5 
grees of Gemini, and i is fituated near the byll's 
eye and the ſeven ſtars which. are not then viſible, 
6 on account of his ſuperior light. If the fun were 
on that day to ſuffer a total eclipſe, theſe ſtars 
would then be. ſeen Wen oh their accuſtomed 
PN. ers 7 4 
| '»:iLaftly, ſet the 3 x the globe north 
: 5 Re, ſouth, by the compaſs. b bd 
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And the globe will be rectified, « or 1 1 2 | 
ſimilar poſition, to the concave furkace of. the 4 
- heavens, for che given latitude. 8 ode ane | 
y : DS Od, 2 2 | PEE VEE Ia ; at F 
PROBLEM DN | 


| ws find the declination of the fun for any given 
: day in, che year. 5 5 


ek dhe ay of the month cloſe Sh = 
Th $1 os ecliptic 
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ecliptic 48 againſt which is the ſun's place; 
bring that point under the ſtrong braſs meridian, 
mid the degree that ſtands over it is the ſun's 
declination for that day- | 

Thus, on che 23d of May the ſun's e 
will be about 23 deg. 10 min.; and upon the 
eee . e will _ 11 r deg. 13 n. F/ 


7 * 7 


5 A. 
4 1 be 3 FE 


V 
Jo find the ſun's right aſcenſion. 


mente aſcenſion of the fun, &c. is an arch 
of the equinoctial contained between the begin- 
ning of Aries, and that point of i it e comes 
mw the merickan with it. F 

Therefore, bring the fun- O place to the me. 
 ridian, and that point of the equinoctial which is 
undet the mer idinn we be wand * 's kava aſs 


* 
* 


N | ch 
Thx bt the 11th of May the right aſcent 
will be found to be 47 deg. 10. min. 3 

By the two laſt problems, we Wan: 5 
right aſcenſion and declination is found after the 
fame manner as the longitude and latitude of 3 a 
1 upon the terreſtrial globe. 

Bring the ſunꝰs place to the weſt e er - 
the horizon, and the degree of the equator, cut 
by the horizon, i is his oblique deſcenſion; carry 
him round to the eaſtern ſide, and you will there 


find his "Os + aſcenſion. LE 5 
,, Hy . 


its 5 : 
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PROBLEM „ 


The latitude of the place and the ſun” - place being 
given, to find the ſun's amplitude. 5 


That degree from the caſt.or weſt in the hori- 
2o0n, wherein any object riſes or ſets, | is called the 
AMPLITUDE» | 
Rectify the globe to the latitude of the place 
and bring the ſun's place to the eaſteri ſide of the 
meridian, and the arch of the horizon intercepted 
between that point and the eaſtern oi wilt 29 
the ſun's amplitude at riſing, | 
3 the ſame point be brought to the weſtern ide 
| of the horizon, the arch of the horizon inter- 
cepted between that point and the weſtern pin, 
vill be the ſun's amplitude at ſetting. 


Thus on the 24th of May the ſun riſes at Gor; 


with 36 degrees of eaſtern amplitude; that is, 36 
degrees from the eaſt towards the north, and ſets 
- at eight, with 36 degrees of weſtern amplitude. 


The amplitude of the ſun at-riſing ; and ſetting" 


increaſes with the latitude of the place: and in 
very high northern latitudes, the ſun ſcarce ſets 


before he riſes again. Homer had heard ſome» 


thing of this, though it is not true of the 
Lady gone, to whom he N 1255: i) TEE 


— 


Sin Yays and aac a doubtful courſe we abort; 7 


| The next, proud Lamos' lofty towers appear, - 


| And * s gates ariſe diſtinct in air. _ | 


B b The 8 


* — 
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| The ſhepherd quitting here at night the plain, 
Calls, to ſucceed his cares, the watchful ſwain. 


5 But he that ſcorns the chains of ſleep to wear, 


And adds the herdſman's to the ſhepherd's care, 
So near the paſtures, and ſo ſhort the way, & 5 
His double toils may claim a double pay, 

And | 7 . labours of the night and FE: ] 


8 PROBLEM Liv. © 
. 7 find the fury $) altitude at any * time of the 
oe OY the center of date aceificiat fin ts his place 
in the ecliptic upon the globe, and rectify it to 
| the latitude and zenith; bring the center of the 
artificiał ſun under the ſtrong braſs meridian, and 
fet the hour index to that XII which! is moſt ele- 
vated; turn the globe to the given hour, and move 
the graduated edge of the quadrant to the center 
of the artificial ſun; and that degree on the qua- 
| drant which i is cut by the ſur: scenter, „ ig the a 8 
height at that time. 
Ihe artificial ſun being W de the 
tr rong braſs meridian, and the quadrant laid upon 
It's center, will ſhew it's meridian, or greateſt 
altitude, for that day. : 
If the ſun be in the equator, his . or me- 
| ridian altitude is equal to the elevation of the 
equator, which is . 8 ! to IRE ce ecke 
| of the place. | 
Thus on . 24 at nine 0 clock, the ſun has 
C 4 + about 


a 9 
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about 44 degrees of altitude, and at ſix in the 


evening of the ſame day, his altitude will be 


about 20 degrees. 
= THE AZIMUTHAL, OR VERTICAL CIRCLEs. 


The vertical point, that is, the uppermoſt 


point of the celeſtial globe, repreſents a point in 


the heavens, directly over our heads, which is 
called our zenith. | 
From this point circular lines may be con- 
ceived croſſing the horizon at right angles. 
Theſe are called azIMUTH or VERTICAL > Ra, 
cls. That one which croſſes the horizon at 
10 deg. diſtance from the meridian on either 


fide, is called an azimuth circle of 10 deg. ; that 


which croſſes at 20, is called an azimuth of 
20 deg. 


The azimuth of 90 g is called the PRIME 


VERTICAL: it croſſes the horizon at the: eaſtern 


and weſtern points. 
Any AZIMUTH 'CIRCLE'may be 3 by 


the graduated edge of the braſs quadrant of alti- 


tude, when the center upon which it turns is 


| ſcrewed to that point of the ſtrong braſs meri- 
dian which anſwers to the latitude of the place, 
and the 1 is . into a zenith. See 


| 


prob: xXx. 


If the ſaid graduated * ſhould lie over the 
ſun's center or place, at any given time, it will 
3 the ſun's azimuth at that time. 
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If the graduated edge be fixed at any point, ſo. 
as to repreſent any particular azimuth, and the 


fan's place be brought there, the horary index 
will ſhew at what time of that day the ſun will be 


in that particular azimuth, _ 5 


Here it may be obſerved, that the AMPLITU DE: 


and azimuth are much the ſame- 


The amplitude ſhewing the 0 of ho 


object WHEN 1T RISES OR SETS, from 50 EAST and. 


WEST: points of the horizon. 


The azimuth the bearing of any hd hai it ; 


is ABOVE THE HORIZON, either from the NoRTH 


er sourh points thereof. Theſe deſcriptions. 
and illuſtrations Wang under. we may pro- 


ceed to % 04.16 % T 


In & 4 
"= it VE n 92 


1 PROBLEM 1 v. 


W 


being given; to find the hour of the day, and 


the f n's azimuth from the meridian.” 1 


Having rectified the globe for the latitude, the 
zenith, and the ſun's: place, turn the globe and 
che quadrant of alticude, ſo that che ſun's. place 
may cut the given degree of altitude: then W 


index will ſhew\the: hour, and the quadrant will, 
cut the azimuth in the horizon. Thus, if at 
London, on the 21ſt of Auguſſ, the ſun's altitude 
be 36 deg. in the forenon, the hour of the day 


Will be IX, and the ſun's azimuth e 


: Hom e e 
„ PROBLEM | 


. Etude, the ſun's. place, and his akitude, 


Bi 
* * 4 4 


* 
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PROBLEM LVI. 


The latitude, hour of the day, and the ſun' 8 phos 


being 3 to find the ſun's altitude and 
azimuth. i 
Rectif⸗ the globe for the latitude, the zenith, 


and the ſun's place, then the number of degrees 
contained betwixt the ſun's place and the vertex, 


is the ſun's meridional zenith diſtance; the com- 
plement of which to 90 deg. is the ſun's meri- 


dian altitude. If you turn the globe about until 


the index points to any other given hour, then 
bringing the quadrant of altitude to cut the ſun's 
place, you will have the ſun's altitude at that 
hour; and where the quadrant cuts the horizon, 
is the ſun's azimuth at the ſame time. Thus 
May the iſt at London, the ſun's meridian alti- 


tude will be 534 deg.; and at 10 o'clock in the 
morning, the ſun's altitude will be 46 deg. and | 
his azimuth about 46 eg: irons the fouth part of 


the meridian. 


* ; - a t 
- * 


A PROBLEM LVII. 


The latitude of the place, and the day of the 


month being given; to find rhe depreſſion of 


g the ſun below the horizon, and the azimuth at 


any hour of the night. 
Having rectified the globe for the Hinds, 


the zenith, and the ſun' s place, take a point in 
the ecliꝑtic exactly oppolite to the fun's © 


„„ 


k 
8 

* 3 0 (9350 oi: Fe og rt AD II IE SI 1 

— » — — an Wee 7 

_— — -æut. — — — 22 — —— — —— ET _y 


** * 
22 


_ — 6 VOTER * b Y "Rs 
P CG aunts Pretend Einden oe ab. — Eee — 


. nee "x 
- Ai ERIGLS 418. Gon OD) In Om 4s 


. 


— * — * = 4 = - — — > 7b poems nance — 9m 
— 8 2 * Cara aw 1 — ores Mie: . 
9 3 2 . = . * 4 EI. in = —— r 
rr PG RING 2 447-7587 4T ee r e 
1 * "OPS, * 2 _ - jp : 2 _— WE 
= 2 — a n ere 22 — _ p 


390 | DESCRIPTION AND USE 


and find the ſun” $ altitude and azimuth, as by 
the laſt problem, and theſe will be the depreſſion 
and the altitude required. 8 
Thus if the time given be the iſt of as | 
ber, at 10 o'clock at night, the depreſſion and 
azimuth will be the fame as Was found 1 in the laſt | 
problem. ; | 
PROBLEM LVIII. | 

The latitude, the ſun's place, and his azimuth. 
being given, to find his altitude, and the hour. 
Rectify the globe for the latitude, the zenith, 
and the ſun's place; then put the quadrant of 
altitude to the ſun's azimuth i in the horizon, and 
turn the globe till the ſun's place meets the edge 
of the quadrant, then the ſaid edge will ſhew the 
altitude, and the index point to the hour. 
5 Thus, May 21ſt, at London, when the ſun i is. 
due taft," his altitude will be about 24 degrees, 


and the hour about VII in the morning; and 


when his azimuth is 60 degrees ſouth-weſterly, | | 
the altitude will be about 44 + degrees, and the | 
hour about 24 in the afternoon. 
Thus the latitude and the day being known, 
and having beſides either the altitude, the azi- 
muth, or the hour, Fe: other two may be eaſily 


| found. 


pROBLEM | 
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> PROBLEM LIE: 


The latitude; the ſun's altitude, and his azimuth 
being given, to find his 12 5 in Hap N 0 
and the hour. FD ; 

EKectify the globe for the latitude ind Ln 

and ſet the edge of the quadrant to the given azi- 


muth; then turning the globe about, that point 
of the ecliptic which cuts the altitude, will be 


the ſun's place. Keep the quadrant of altitude 
in the ſame poſition, and having brought the 
ſun's place to the meridian, and the hour index 


to 12 at noon, turn the globe about till the fun's 


place cuts the quadrant of altitude, and then the 


Kd will point the” hour of the Woes 


PROBLEM LX. 


The dediviation: and meridian altitude of thie ſaw, 
or of any ſtar being given, to 0 find: the laxicincks 


of the place, 


Mark the point of declination upan the me- 
ridian, according as it is either north or ſouth | 


from the equator; then ſſide the meridian up or 
down in the notches, till the point of declination 


be ſo far diſtant from the horizon, as is the given 
meridian altitude; that beuten of yy Lap! will 


be the latitude. - 


Thus if the ſun's, or any | ſtar? 8 e aki ; 


rude 1 be 70 ee and it's IN be 114 


ah F - _— 


— — oe, ne 


| 
j 
| b 
A 


— — Erwĩ—Põ. ces ego 
38 — . 


_ — SE ——— SET — —ê — SS Se 
WA, > Ae 8 1 _— — 5 . 
oe 2 WEN er Ps 2% ty 7 REES ns MR * 88 
SSD ener "$4. er e 1 5 r © 
a — 2222 * TR" 4% 2 b4 © "RE 
Us. a Aaron hs Es Dre ＋ IO p 1 
2 th — 2 we = - — Jn 


392 DESCRIPTION AND USE 


degrees north, the latitude will He 512 degrees 
north. 


» 
+ Ev TS: 4 4 p 2 * 
+814 Nn Ly 


9 88 BROBLEM, XL, 
Fo find he © Jengib tr any day in the year, i in 1 any 
latitude, not exceeding 664 degrees. 
lc the celeſtial globe to the latitude, and 
ſet the center of the artificial ſun to his. place upon 
the ecliptic line on the globe ſor the given day, 
and hring it's center to the ſtrong braſs meridian, 
placing the horary index to that XII which is 
moſt elevated then turn the globe till the arti- 
ficial ſue. cuts ihe caſtern edge of the horizon, and 
the horary index will ſhew the time of ſun-xiſing; 
turn it to the weſtern ſide, and you obtain the 
hour of ſun-ſetting. | 
The length of the day and night will be ob- 
ined, by CONE er e e e and 
J hn ay deinen ; ds Q IO0: The: Sri wi. 


19 PROBLEM, LEM... 


rer ; Ws 3 ATE 


To God, the. Gs of. the longeſt and Aeg 5 
days in MIN latitude that foes ne ee 60 4 
| rees. yt . ; * 1 1 


par” 


Elevate the: globe, iy to 55 latitade, 
and place the center of the artificial ſun for the 
longeſt day upon the firſt point of Cancer, but 
for the ſhorteſt day on the firſt point of Capri- 
cord, then proceed az in the laſt problem. 
But if the place hath n . the ſun i is 

| „ e 


A 


"OF THE GLOBES, ' 393 


in the firſt point of Capricorn on their longeſt 
day, and in the firſt point of es on 9 
ſhorteſt day. | 1 55 | | 


PROBLEM XIII. 


'Fo, find the latitude of a place, in which. it's 
longeſt day may be of any given n wagen 
twelve and twenty-four hours. we; 


Set the artificial ſun to the firſt point of Canis 
bring it's center to the ſtrong'braſs meridian, 
and ſet the horary index to XII; turn the globe 
tilLit points to half the number of the given hours 
and minutes; then elevate or depreſs the pole, 
- lb the artificial ſun coincides with the horizon, 
and that elevation of the pole is the latitude 
e 


* 
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| PROBLEM . 


To find the time of the ſun” s riſing and Cation. 
the lengih of day and night, on any place 
whoſe⸗latitude lies between the polar cireles; 
and alſo the length of the ſhorteſt day in any kh 
thoſe latitudes, and in what climate they are. 

Rectify rhe globe to the latitude of the given 

place, and bring the artificial ſun to his place in 

the ecliptic for the given day of the month; and 
then bring it's center under the ſtrong braſs me- 
ridian, and ſet eee 10 which 
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the caftern part of the broad paper circle, which 
in this caſe repreſents the horizon, and the horary 
index ſhews the time of the ſun-riſing; turn the 
artificial ſun to the weſtern ſide, and the horary 
index will ſhew the time of the ſun-ſetting. 
Double the time of ſun-riſing i is the length of 
the night, and the double of that of e eee is 
the length of the day. 8 g 
Thus on the 5th day of June, the ſun riſes at 
3h. 40 min. and ſets at 8 h. 20 min.; by 
doubling each number it will appear, that the 
length of this day is 16 h. 40 min. and that of | 
the night 7 h. 20 min. 
 _ The longeſt day at all places in north latitude, | 
is when the ſun is in the firſt point of Cancer. 7 
And, 
The longeſt os to thoſe i in ſouth lathebile,. is 
when the ſun is in the firſt point of Capricorn. : 
| Whetefore, the globe being rectified as above, 
and the artificial ſun placed to the firſt point of 
Cancer, and brought to the eaſtern edge of the 


bioad paper circle, and the horary index being 
ſet to that XII which is moſt elevated on turning ö 


the globe from froſt to weſt, until the artificial 5 
fon coincides with the weſtern edge, the number 
of hours counted, which are paſſed over by the 

horary index, is the length of the longeſt day; 5 

their complement to twenty-four aa . the 

length of the ſnorteſt night. Be | 
If twelve hours be — from whe tenge 
6 8 of 
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of the longeſt day, and the remaining hours dou- 
bled, you obtain the climate mentioned by ancient 
hiſtorians ; and if you take half the climate, and 
add thereto twelve hours, you obtain the length of 
the longeſt day in that climate. This holds good 
for every climate between the polar circles. 

A climate is a ſpace upon the ſurface of the 
earth, contained between two parallels of lati- 
- tude, fo far diſtant from each other, that the lon-. 
geſt day in one, differs half an hour from the 
longeſt day in the other parallel. 


PROBLEM LXV. LAY 

The latitude of a place being given in one of the 

polar circles, (ſuppoſe the northern) to find 

what number of days (of 24 hours each) the 

ſun doth conſtantly ſhine upon the ſame, how 

long he is abſcnt, and alſo the mT and laſt OF, 
of his appearance. 


Having rectified the globe MG: to the 
latitude, turn it about until ſome point in the 
firſt quadrant of the ecliptic (becauſe the latitude 
is north) interſects the meridian in the north 
point of the horizon; and right againſt that point 
of the eclipric, on the horizon, ſtands the day of 
the month when the longeſt day begins. 

And if the globe be turned about till frogs: 
point in the ſecond quadrant of the ecliptic cuts' 
the meridian in the ſame point of the horizon, it 
will new the ſun's place when the longeſt day 


* 
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ends, whence the day of the month may be 


found, as before; then the number of natural 
days contained between the times the longeſt day 


| begins and ends, is the One of the heres bon day 


required. 

Again, turn the Lobe about, utttil ſome point 
in the third quadrant of the ecliptic cuts the me- 
ridian in the ſouth part of the horizon; that 


point of the ecliptic will give the t time when the 


longeſt night begins. . 
Laſtly, turn the globe about, until ſome point 


in the fourth quadrant of the ecliptic cuts the 


meridian in the ſouth point of the horizon; and 


that point of the ecliptic will be the place of the 


ſun hen the longeſt night ends. 
Or, the time when the longeſt day or 9 5 


begins, being known, their end may be found by 

counting | the number of days from that time to 
,- he ſuceeeding ſolſtice; then counting the fame - 
5 number of days from the lolftifial end] vin Ye 
the time when it ends. e 


5 2 at 13 . 
» Tt $2 Ft + 


"REFS Or rns 5 or > Tine. | 
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3-4 "Bid not poſſible! in a treatiſe. of this kind: to Tt 


enter into a diſquiſition of the nature of time. It 
is ſufficient to obſerve, that if we would with 


exactneſa eftimate-the quantity of any portion of 
infinite duration, or eonvey an idea of the ſame. 
to others,” we make ufe of ſuch known "meaſures 


as haye been . e from the mo- 
815 = | tions | 
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tions of the heavenly bodies, It is true, none of 
theſe motions are exactly equal and uniform, but 
are ſubje& to ſome ſmall irregularities, which, 
though of no conſequence in the affairs of civil 
life, muſt he taken into the account, in aſtrono- 
mical calculation. There are other irregularities 
of more importance, one of which is in the in- 
equality of the natural day. _ 

It is a conſideration that cannot be. reflected 


upon without ſurprize, that wherever we look for 
commenſurabilities and equalities in nature, ue 
| b-; 


are always diſappointed. , The earth is ſpher 


but not perfectly ſo; the ſummer is unequal, : 


when compared with the winter; the ecliptic 
"diſagrees with the equator, and never, cuts it 
twice in the ſame equinoctial point. The orbit 
of the earth has an eccentricity more than double 


in proportion to the ſpheroidity of it's globe; ny 


number of the revolutions of the moon coincide 
with any number of the revolutions of the carth 
in orbit: no two of the planets meaſure one 
another : and thus it is wherever we turn our 


| thoughts, ſo different are the views of the Cre- E 
| ator from our narrow conception of things; | 


where we look "i commenſuration. we find va- 
riety and infinity. | 
Thus ancient” aſtrenamets: looked upon the 


| motion af the ſun to be ſufficiently: regular for 


the menſuration of time; but by the accurate 


Ae of later aſtconomers, i it is found that 


-neither 


* 1 * - 
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neither the days, nor even the hours, as e 
by the ſun's apparent motion, are : of : an x equal 


| length on two accounts. 
_ 1ſt, A natural or ſolar day of 24 hours, is that 


ſpace of time the ſun takes up in paſſing from 
any particular meridian to the ſame again; but 
one revolution of the earth, with reſpect to a 
fixed ſtar, is performed i in 23 hours, 56 minutes, 
4 ſeconds; therefore, the unequal progreſſion of 
the earth through her elliptical orbit, (as ſne 
takes almoſt eight days more to run through the | 
northern half of the ecliptic, than ſhe does to paſs - 
' through” the ſouthern) is the reaſon that the 
length of the day is not exactly equal to the 
time in which the earth © ar it's rotation 
about it's ax + 
Adly, From the obliquity of the ecliptic to the 
equatsr;onh which laſt we meaſure time; and as 
- equal portions « of one do not correſ pond to equal 
portions of the other, the apparent motion of 
the ſun would not be uniform; or, in other 
: words, thoſe points of the equator which come 
to the meridian,” with the place of the ſun on 
different days, would not be at equal diſtances 


from each other. 


- 


e , PROD Lok M: IxXvI. „ 
| to tute by the globe, the cauſes af the 
ae quation of time. = 


This laſt is caſily ſeen 2 the globe, 55 | 
* | 


bringing every tenth degree of the ecliptic to 
the graduated fide of the ſtrong braſs meridian, 
and you will find that each tenth. degree on the 
equator will not come thither with it, but in the 
following order from Y to S, every tenth degree 
of the ecliptic comes ſooner to the ſtrong braſs 
meridian than their correfponding toths on the 
equator; thoſe in the ſecond quadrant of the 
| ecliptic, from S to ==, come later, from <= to 
vy ſooner, and from Vy to Aries later, whilft 
thoſe at the beginning of each quadrant come to 
the meridian at the ſame time; therefore the 


fun and clock would be equal at theſe four 


times, ifthe ſun'was not longer in paſſing through 
one half of the ecliptic than the other, and the 
two inequalities joined together, compoſe that 
difference which is called the equation of time. 
| Theſe cauſes are independent of each other, 
- ſometi mes they, agree, and at other times are 
_ contrary to one another. 1 75 
The inequality of the natural . is the cauſe 
that clocks or watches are ſometimes before, 
dae behind the ſun. Fo 
A good and well-regulated ces goes uni- 
rm ly on throughout the year, ſo as to mark the 
equal hoũrs of a natural day, of a mean length: 
a ſun-dial marks the hours of every day in ſuch 
a manner, that every hour is a 24th part of tlie 


time between the noon of that day, and the : 
noon. of the day immediately following.” The 


time 


8 nr 
n n 


— 8 
2 q 2 LR ones ; 
| — 8 e 
— — — 8 8 
„ . V . —— 


— W 2 
— 


— ͤ ny 


— 


— 


DESCRIPTION AND. USE 


t me meaſured by a clock is called equal or true 
time, that entre Tos the nin nee 


— ime. 


Or THE UsgE or THE Cxlxs ral Gros, IN _ 
© PkonLims RELATIVE TO THE Pravzrs. . 


The ſituation of the fixed N being W 
* ſame with reſpect to one another, they have 
their Proper: mg pin to them on UNC - 
globe. 161. 22112 
But to the planets no certain e can be 
aſſigned, their ſituation always yarmng. 5 

That ſpace in the heavens, within the com- 
Lo of which the planes. TE) is called the 


n . : 


| The latitude. * 67% 5c SR ever ex 


; e ds 8 degrees, the zodiac is ſaid to reach 
about degrees on each ſide of the ecliptic. - 


. Upon che celeſtial globe, on each ſide of the 
5 c, kre drawn eight parallel circles; at the 
diſtance of one degree from each other, including 

4 ſpace of 6 degrees; theſe are croſſed at right 
angles, with ſegments of great circles at every 
zch degree of the ecliptic; by theſe, the-place of 


1 planet on the globe, on any given mw wo * 
TOR ee To ago lrup- 


[+ ö bY 4 45 1 4 7 22 
4 R 11 OE” 8 £ $335 Ba 1 


5 | . O ei, 
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10 G84 1 af any planet upon the . 


and by. eee it's plact in the 


heavens ; 


«ty : 
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heavens; Allo, to find at what hourany planet 

will riſe or ſet, or be on the meridian, on ny | 
day in the year. 1 | 

Rectify the globe to the a 5 fu 3 | 
place, then find the planet's s longitude, and lati- | 
tude in an ephemeris, and ſet the graduated „ 
edge of the moveable meridian to the given lon- 
gitude in the ecliptic, and counting { ſo many 
degrees amongſt the parallels i in the zodiac, either 
above or below the ecliptic, as her latitude. : ow | 
north « or ſouth; and ſet the center artificial ſun | #1 
to that point, and the center will repreſent the 1 


1 

1 

F 

: 1 
1 

| 

5 

r 

: 0 
. 

? 

4 n 
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z 

te 
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place of the planet for that i | 4 f 

Or fix the quadrant of altitude over che 3 : | 2 | 

| of the ecliptic, and holding the globe faſt; bring | 1 
Bu the edge of the quadrant to cut the given, degree 8 0 
of longitude on the ecliptic; then ſeek the given 4 

latitude on the sR and the e under 5 Ef | 


. the point ſougglt. . 

While the globe moyes, abou e's 3 | | i. 
| 1 moving along with it will repreſent the - 
planet's motion in the heavens, If the planet | 1 
* brought to the eaſtern fide of the : horizon,the _—_— 


oy « * 
— 3 


I iS Noe ERC 
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fre 


orary index will ſhew the time, of i it's riſing. | 
If the artificial ſur is above, the horizon, the i 
planet will not be viſible: when the Planet is 8 . 
under the ſtrong brazen meridian, the hour i in- Re | | | | 

dex mews the time it will be on that circle in . 
the heavens: when it is at the weſterr ed 9 
time of it's ſetting will be obtained. FRE n = 
. 5 "XS. Rn Ws os | { 


"as 


402 DESCRIPTION AND USE 


PROBLEM IXVIII. 


To find directly the planets which are above the 
horizon at ſun-ſet, es oo Hos ny _ : 
latitude. | 


Find the fun's place 10 the given day, bring 
it to the meridian, ſet the hour index to XII, 
and elevate the pole for the giv en latitude: then 
bring the place of the ſun to the weſtern ſemi- 
circle of the horizon; and obſerve what ſigns are 
in that part of the ecliptic above the horizon, 
then caſt your eye upon the ephemeris for that 
month, and you will at once ſee what planets 
Y poſſeſs any of thoſe elevated ſigns; for ſuch will 
be eee and fir for obſervation c on n the night, of 

that 1 1 10 55 


„ . N Gs \ Þ 
© * W * ag, _ 
ys "3h * N e i 
"2 ; 4 „„in e 5 : 


JC oe GAL EM ant abuts: 

To o nd 5 5 right aſcenſion, declination, apts 
tude, azimuth, altitude, hour of the night, 
cc. of any given Planet, for a 15 55 of a levee 
; and latitude OE i. 2 


7 - Real the globe for the given "latitude —— 
5 day of the month; then find the planet's place, 
as before directed, and then the right aſcenſion, 
declination, amplitude, azimuth, altizude, hour, 
| ' &c. are all found, as directed i in the problems | 
, for the ſun; there being no Aifference | in the 
proceſs, no mr can be neceſſary. . 
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Or THE UsE or THE CELESTIAL GLopE, IN 
_ ProBLEMS RELATIVE TO THE Moon... 
From the ſun and planets we now proceed to 
thoſe problems that concern the moon, the 


brilliant ſatellite of our earth, which every month 
enriches it with it's preſence; by the mildneſs of 


it's light ſoftening the darkneſs of night; by it's 
influence affecting the tide; and by the variety 


of it's aſpects, offering to our view ſome uy | 


remarkable ann 


e Soon as the ev'ning ſhades prevail, 

The moon takes up the wond'rous tale; 

And nightly to the liſt'ning earth, | 
| Repeats the ſtory of her birth: 

Whilſt all the ſtars that round her burn, 

And all the planets in their turn, 
Confirm the tidings as they roll, 
And ſpread the truth from pole to pole.” 


As the orbit of the moon is conſtantly varying 


in it's poſition, and the place of the node always 


changing, as her motion is even variable in every 
part of her orbit, the ſolutions of the problems 


which relate to her, are not altogether ſo 9 8 
as thoſe which concern the ſun. 1 


The moon increaſes her longitude in the | 


- ecliptic. every day, about 13 degrees, ro minutes, 


by which ee croſſes the meridian of aty 
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place about 50 minutes later chan the did the 
preceding day. S | | 
Thus if on any day at noon her place 1 


| wide} be in the 12th degree of Taurus, it will 


be 13 deg. 10 min. more, or 25 00 10 min. in 
Taurus on the ſucceeding noon. . 

It is new moon when the ſun a moon an: | 
the fame longitude, or are in or near the ſame 
D of the elip tic. 

When they have kw ad 2 or arein 


1 


- e points of the ecliptic, it is full moon. 


To aſcertain the moon's place with accuracy, 
we muſt recur to an ephemeris; but as even in 


moſt ephemerides the moon's place i is only ſhewn 
at the beginning of each day, or XII o'clock at 


noon, it becomes neceſſary to ſupply by a table 


this deficiency, and aſſign thereby her place for 
| any intermediate RE” 


In the nautical ephemeris, publiſhed under 


the authority of the Board of Longitude, we 
have the moon's place for noon and midnight, 

Z : with rules for accurately. obtaining any interme- 
diate time; but as this ephemeris may nat - 3 
always be at hand, we ſhall inſert, from Mr. 


Martin's treatiſe on the globes, a table for finding 


the hourly motion of the moon. In order, how- | 
ever, to uſe this table, it will be neceſſary firſt 


TO FIND THE QUANTITY OF THE MOON'S DIURNAL 

Morton Ix THE ECLIPTIC, for any given day; 

for the _— of the moon's diurnal motion 
varies | 
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varies from about 11 deg. 46 min. the leaſt, to 
15 deg. 16 min. when greateſt. 50 

The following tables are calculated from the 
leaſt of 11 deg. 46 min. to the greateſt of 15 


deg. 16 min. every column being increaſing 10 ; 


minutes; upon the top, of the column is the 
quantity of the diurnal motion, and on the ſide 
of the table are the 24 hours, by which means it 
will be eaſy to find what part of the diurnal mo- 
tion of the moon An pers to ANF, 1 8 e | 


of hours. . 1 the N | 


{ Thus ſuppoſe iz derne! motion to be 12 yy 
| look on the. top column for the number neareſt 
to it, which you will find to be 12 36, in the 

8 ſixth column; and under. At; againſt 9 hours, 

you Will find 4 deg. 43 min. which' is her mo- 

tion in the ecliptic in the ſpace of 9 hours for 
| that day. The quantity of the diurnal motion 


; Z1 


} 


for: any day i is found by taking the difference be- bf 


} l it and the preceding day. 8 — 7 
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1 the lobe, to the day of the new moon on the ſaid 
"broad p: paper circle,” which -anſwers to the fun 
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The moon's path may be repreſented on the 
globe in a very pleaſing manner, by tying a filken 


line over the ſurface of the globe, exactly on the 


ecliptic; then finding, by an ephemeris, the 
Place of the nodes for the given time, confine 
the ſilk at theſe two points, and at 90 degrees f 
3 diſtance from them elevate the line about 54 # 

F geg. from the ecliptic, and, depreſs it as much 


4&3 3 


on the other, and i it will then repreſent the lunar 


obi for that day. 7 8 1 
ö 1 ered 15 . 3 * 35 "BL 
#24. 7 12 8928 > : 
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T's find the moon's/place'in the ative, for any | 
53 2% 2 e of the day. e 5 
voy - Firſt, without an ephemeris, onl y. knowing | 
the age oft the moon; which e be mars Ir 22 | 
every commion almanack. 4 0 5 
Sate the north pole of the celeſtial Tabs o q 


2 


£ 90 jo degrees, 3 and then the equator will be in the 


platte of, and coincide with the broad paper cir- | 
cle; bring the firſt point of Aries, marked on 


— Std 


1 414 * 


place for that day; and the day of the moon's 
age will ſtand againſt the ſign and degree of the 
moon's mean place; to which place apply : a 


: i ſmall patch to "repreſent | the. moon. 


But if you are provided with an 8 


that will ge the modn s latitude and JE in 
7 5% the 
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+ * The nautical almanack i is the beſt {Engliſh ephemeris 0 
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the ecliptic ; firſt, note her place in the ecliptic 
upon the globe, and then counting ſo many de- 
grees amongſt che parallels in the zodiac, either 
above or below the ecliptic, as her latitude is 
north or ſouth upon the given day, and that will 


he the point which repreſents the true place of 


the moon for that time, to mhick *pply m 

ficial ſun, or a ſmall patcg. 

Thus on the IIth of * — GS We was 8 
5 in 2 deg. 35 min. of Piſces, and her lati- 

rude was 4 deg. 18 min.; but as her: diurnal mo- 

tion for that day is 12 48 in nine hours, ſhe 

will have paſſed over 4 deg. 4% min. which added 


to her place at noon, gives 7 h. 2a min. for her 


place on the 1Ith olds. 1 at nine at night. 
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To find the 
1 ee * 2 day or hour. e bd 
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| 155 Place in her orbit being found, IM ro 
Lx. bring it to the brazen mer idian; ; then the 


arch of the "meridian contained between'ir and 


g the of will be the decliriati6n _— 
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It is evident, this can happen only when the 
Audis node of the moon is in the vernal 
equinox; for then her greateſt meridian. alti- 
tude will be 5 deg. greater than that of the ſun, 
and therefore about 67 deg.; alſo her leaſt 
meridian altitude will be 5g deg. leſs than that of 
the ſun, and therefore only 10 deg. : there will 
therefore be 57. deg. difference in the meridian 
altitude ect moony ns tht of the vos Is 
on 47 deg. 5 | 
Nn When whe! 8. ls wi made. is in 
the autumnal equinox, then will her meridian 
altitude differ by only 37 deg-z but this phæ- 
nomenon can ſeparately happen but once in the 
revolution of a node, or once in the ſpace. of 
nineteen years: and it will be a pleaſant enter- 
tainment to place the ſilken line to croſs the 
ecliptio in the equinoctial poin alternately; 
for then the reaſon will more evidentiy atk 
pear, Why y ou obſerve the moon ſometimes 
within 23 geg · of our zenith, and at other times 
not more than 10 e above the A when 


hep. th Goth. , 
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To llftrte by the globe, the phenomenon 91 
izt Ra the harveſt moon. 1 17,04 
_ About FRY time of the autumnal equi 

| hen the moon is at or near the full, the is bbs © 


7 ſerved to riſe almoſt at the ſame time for ſeveral 
| 8 nights 
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nights together; and this phenomenon is called 5 


the HARVEST MOON, 
This circumſtance, with which 3 were 


better acquainted than aſtronomers, till within 
theſe few years, they gratefully aſcribed to the 


goodneſs of God, not doubting that he had 
ordered it on purpoſe to give them an immediate 
ſupply of moon- light after ſun- ſet, for their 


a convenience in reaping the fruits of the 


In this müder of aw harveſt moon, as in 
many others diſcoverable by aſtronomy, the 
wiſdom and beneficence of the Deity is conſpi- 


cuous, who really ſo ordered the courſe of the 


moon, as to beſtow more or leſs light on all parts 
of the earth, as their ſeveral circumſtances 858 
ſeaſons render it more or leſs ſerviceable.* - 


About the equator, where there is no variety of | 


ſeaſons, reap jak is not neceſſary for gathering 


5 e of the ground; and there the 


moon riſes about 50 minutes later every day or 


night than on the former. At conſiderable. 
diſtances from the equator, where the weather 


and feaſons are more uncertain, the autum- 
nal full moons. rife at fun-fet from the firſt to the 


third quarter. At the poles, where the ſun is for 
half a year abſent, the winter full moons ſhine _ 


* 3 3 * 
, * 1 
* po : „ 2 ? » 
5 3 Y = # 3 4 0 


5 Ferguſon's Aſtronomy. 
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"conſtantly. without {aring; rom the füt to the 
third quarter. 194 
But this obſervation! is Aiy es Goo 
ben wr conſider that this appearance is only 
peculiar with reſpect to the full moon, from which 
only the farmer can deri ve any advantage; for in 
every other month, as well as the three autumnal 
des, the moon, for ſeveral. days together, will i 
vary the time of it's riſing very little; but then 
nn the autumnal months this happens about the 
time when the moon is at the full; in the vernal 
months, about the time of new moon; in the 
winter months, about the time of the firſt quar- 
ter and in the ſummer ee e the dime 
the ln guat 10 en vn Fig U anÞf | 
b een ! upon ediflerens 
abe made by the horizon, and different parts 
of the moon's orbit, and that the moon can be | 
full but once or twice in a year, in thoſe parts f 
her orbit which riſe with the leaſt les. 
DE Neger moon's motion is ſo nearly i in the celip- ; 
„that we =o I her at e as: mo- 
. Teddy eee e eee eee 
The Ae er ke ecliptic, on a- 
count of it's obliquity to the earth's axis, make 
very different angles -with the horizon as they 
riſe or ſet. Thoſe parts, ordigns, which riſe 
with the ſmalleſt angles, ſet with the greateſt, 
"00? vice . In equal times, whenever this | 
ow! 2770 1 ge of © F; angle 3 
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angle is leaſt, a greater portion of the ecliptic 
riſes, than when the angle is larger. 
Ihis may be ſeen, by elevating the globe to 
any conſiderable latitude, and then e it 
round it's axis in the horizon. 15 

When the moon, therefore, is in thoſe fo 
which riſe or ſet with the ſmalleſt angles, ſhe 
will riſe or ſet with the leaſt difference of time, 
and with the. greateſt difference in thoſe ſigns 
which riſe or ſet with the greateſt angles. 

- Thus in the latitude of London, at the tie 
ol the vernal equinox, when the ſun. is ſetting 
in the weſtern part of the horizon, the ecliptic 
then makes an angle of 62 deg: with the horizon; 
but when the ſun is in the autumnal equinox, 
and ſetting in the ſame weſtern part of the hori- 
zon, the ecliptic makes an angle but of 15 deg. 
with the horizon; all which is evident by a 
bare inſpection of the globe oni. 

Again, according to the e or leſs in in- 
1 of the ecliptic to the horizon, ſo a 
greater or leſs degree of motion of the globe 
about it's axis will be neceſſary to cauſe the ame. 5 
arch of the ecliptic to paſs through, the ho- 

rizon; and conſequently the time of bit 's. 
ſage will be greater or leſs, in, the pn? 
proportion; but this will be beſt. by uſtrat: 
Bs an example. OT Tn Leng 1 


eee ares the 45 mee ver a | 


; a 1 N D 4 
1 2 as 2 8 > 2 8 2 0 * : 9 E's SIO AS "07 Ns ALY 
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© nox, ratify the globe for thelatitude of London, 


and place of 'the ſun ; then bring the vernal 
equinox, or ſun's place, to the weſtern edge of 
the horizon, and the hour index will point pre- 
ciſely to VI; at which time, we will alſo ſup- 
poſe the moon to be in the autumnal equinox, | 
and conſequently at full, 5 ry . at 
tte time of fun- ſet. þ 
But on the following 1 5 the ſun, being as 
vanced ſcarcely one degree in the ecliptic, will 
ſet again very nearly at the fame time as before; 
but the moon will, at a mean rate, in the ſpace 
of one day, paſs over 13 deg. in her orbit; and 
therefore, when the ſun ſets in the evening after 
the equinox, the moon will be below the hori- 
20n, and the globe muſt be turned about till 
13 deg. of Libra come up to the edge of tùhjge 
horizon, and then the index will point to 
7h. 16 min. the time of the moon's riſing, 
which is an hour and f after ſun-ſer for dark 
night. The next day following, there will 
be 21 hours, and ſo on ſueceſſively, with an in- 
Fcreaſe of 1 f h. dark night each evening ref. 
pectively, at this ſeaſon of the year; all 
owing to the very great angle which the eclip- 
tic makes Rp the IE] at We n ee | 
' moon's riſtng. 
= On the other hand, | hots 8 in 0 
autummal equinox, or beginning of Libra, and 


5 the moon 1 to it in the vernal equinox, 
| then 


* 
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then the globe (rectiſied asbefore) being turned 


about till the ſun's place comes to the weſtern 


edge of the horizon, the index, will point to VI, 
for the time of his ſetting, and the riſing of the 
full moon on that equinoctial day. On the 


following day, the ſun will ſet nearly at the 


ſame time; but the moon being advanced (in 


the 24 hours) 13 deg. in the eeliptic, the globe 


muſt be turned about till that arch of the eclip- 
tic ſhall aſcend the horizon, which motion of 
the globe will be very little, as the ecliptic now 


makes ſo fmall an angle with the horizon, as 
is evident by the index, which now points ta 
VI h. 17 deg. for the time of the moon's riſing 
on the ſecond day, which i is about XZ of an hour 


after ſun-ſet. The third day, the moon will 


riſe within f an hour; on the forth, within of 


an hour, and ſo on; fo that it will be near a 
week before the nights will be an hour” with- 
out illumination; and in greater latinides; this 
difference will be ſtill greater, as you: will eafily 
fiſid by varying the caſe, in the practice of * 
celebrated problem, on the A 
This pliznomenon varies in different years; 
tlie moon's orbit being inclited to the eeliptie 
about 5 degrees, and the line of the nodes con- 


tinually moving retrograde, the inclinatiem of 


her orbit 


he equator will be greater at ſome 


ſeeaſons than it is at others, Which prevents 


her Haſtening to the northward; or deſcends 
SE 5 ing 
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ing eee. in ach ite with gn i 


ual I 22 2 y * i > 7 * of Wow bd 
" cranks 85 1) IIE 11 | 44111 15 i! e 


1 Ir; en pa Ix 
1 858 8 oO rür TY ie offs Fo 855 


7K. x 


. . is proc motion af wa in the ſea 5 


ſet rivers, by which they are 1995 regulatly to 
riſe and, fall. Eft * 7 an: 211 ic! 


The Ban cauſe of, the tides w was diſcovered 
by Sir Iſaac Newton, and a are deduced from the . 


following conſiderations... ,. 
We find, by conſtant experience, that all 


- ht fall down to the earth's ſurface. in per- 
pendicular lines; and as lines perpendicular o 


the ſurface of a ſphere, tend towards the center, 


therefore the lines, along which all heavy bodies "ap | 


all, are directed towards: the carth's.center.... he 
As cheſe bodies apparently fall by their weight 


or gmavity, the law by which they Bl MANI | 


r of gravitation. - 2 i ods 


Now as bodies, by their. gravity, fall 1 | 
" earth, it has not been deemed. improper to 


ſay, that the earth attracts thoſe, bodies, 


therefore, i in reſpect to the earth, the word. G RA f | 
* ST: and \ATTRACTION. may be uſed- one 


4 


for — l 


 thopower, orlaw, by whic ee 
it's 2 ter. 85 A 185 744201 Aitor NEA 


5 8 by a ſagacity. peculiar to 


a 12 * 


| himſelf, diſcovered. from many S ieee : 


us law of e e or attractio 


the other, as by them i DAR no more;than 


TS 
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| univerſally diffuſed throughout che ſolar a 
and that the regular motions obſerved among 
the heavenly bodies, were governed by the ſame 
principle; ſo that the earth and moon attracted 
each other, and were both of them attracted by 
the ſun. Alſo, that the force of attraction ex- 
erted by theſe bodies one on the other, was leſs 

zs the diſtance increaſed, in proportion: to the | 
5 ſquares « of thoſe diſtances. 5 : 

It is not in the motion of the celeſtial bodies 
only, that the effects of this mutual gravitation : 
are viſible ; we are now to explain, by the ſame 

principle, a phænomenon which paſſes upon 

dhe earth, the ebbing and flowing of the ſea. 
As the earth is attracted by the ſun and moon, 
the parts of the earth will not gravitate towards 

it's center in the ſame manner as if thoſe parts 
were not affected by ſuch attractions. 

It is alſo very evident, that if the earth was 

entirely free from theſe actions of the ſun and 
moon, the oceans would then be equally: attrac- 
ted towards it's center, on all ſides, by the force 
| of gravity, and would dontinue in perfect finge 
i nation, without ever ebbing or flowing. 5 
But as the ocean is not free from theſe, 


"oi u muſt needs riſe higher in thoſe 


| places where the ſun and moon diminiſi it's 1 N 
: ces Lt or 'where _ Gi aloe e ths, 


. ” 
ow OY x4 *. 
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 Authe foxceof SIN will be meſh diminiſhed 
in thoſe parts of the earth where ber attaaction 
is moth! powerful (which, muſt be when, ſhe-is 
neareſ-to, on in tha zenith: ef thoſe placgs, the 
waters im thoſe parts will. ziſe higheſte and: is 
8 ba S *, OD Ah in ſueh Placa. 2117 


rts/ of the « earth directly under the moon, 
The prngr alſo in their na jr, © or Tuh places 
are diametrically oppoſite. to thole where 
the moon is in the zenfth, will have the, 3 


"> 8 n 7% 


or c high water; at, the fame time. - 


2 2 Boks «7; 


eee eee 
vitate:equally tgwards the other half, ere 99 60 
fF7F1!ß!ß! 5 75 | 
But by the. action of- the moon, WE 5 
tation offt one. hemiſphere towards the center 
is ; diminiſhed, oP we 8 other is in- 

ee Gebe ee wank 3 the 
parts in the; zenith being moſt attracted, and. 
_ thereby: their. gravitation: towards: the earth's 
center: diminiſned: conſequently; \che-waters in 
thoſe parte muſt: . e e then 
Ae rene 8 20. 203 3K: 364 

But in the; eee ee remate. 
* ke io 1, the-yallir, or:moſtdiſtais points _ 
e dan attradted: by the maon chan hase 
parts that are nearer, is left asdit are re 5 
while all the other Parts, and even the center 
. 


of ruf Erddts 4g. 

itſelf, is more attracted towards Her, ant cohfilt 
quently the water wilt be higher in chat polite 
chen at any other part of this hemiſphere.” ' 

Thie two middle points wilt” therefore be 
higheſt in their reſpective hentiſÞheres; the 6H 

being rally more. ETRVAT ED, the other lef“ 
' DEPRESSED by the moon”: s attraction, than the 
Sf parts . Foy 


Thoſe. paris! of FO ek) when moon * 
pears in the horizon, or is 90 degrees diſs 
tant from the zenith and' RANT ee 


— Shs or loweſt waters. 


For as the waters in the aa iy 1 5 
at the ſame titrſe, the waters ift ther neigt 
hood will preſs towards thoſe' places; roi 
_ tain the equilibrium; and to ſupply the place 

. of theſe; others will move the fame way, and fo 

an to places at 90 degrees diſtant from on 

zenith and nadir; conſequently, i in "thoſe places - . 
' where thenioon” appeats* inthe Roritdn?* the 

waters will HARE more liberty 10 Gfcerig w. 

warts" the' center” ald there dEih eee, 

tlie wide the lo weft. 8 

Hence it plüinhy fell ü if dib tee 
of tlie cath wascoveret with water” it would“ 
put on a ſpheroidal, or 'epp=Htkt eib kt fled: whote 
longeſt diameter would paſs through the place 


where the moon is vertical, and the ſhorteſt 


— Miherer will be where the is in the horizon: ; 
1 _ and 
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and as the moon apparently ſhifted her poſition 
from eaſt to weſt, in going round the earth every 
day, the longer diameter of the ſpheroid would 
follow her motion, and thus occaſion, the two 
floods and ebbs obſervable in about every 25 
hours, e is about the length of a lunar 
| day. of ceal3i 5 

Hence in. any tags: the greater then moon 8 . 
mid-day altitude, the greater the evening tides 
will be; and the greater the e wn e : 
. greater the ftides will ße 

The ſummer evening and is winter mothing 
tides are higheſt, becauſe the-moon's ſummer 
altitude, and winter depreſſion, are greateſt, / 
eſpecially when her declination i is north i in r. 
mn. . 8 1 INES, Pro Vc Ty; ge 


94 * 
£ 


of h L h th. water is not nl ay at the 4 
7 0 E 15 12 moon $ coming to the meridian, 5 
x about an hour « or two alter. „ 


| For the moon acts with ſome Gone 60 ſhe b 
; : has paſt the meridian, and. thereby adds to 1 e 

Lbration, « or- waving motion, which ſhe has: pub 7 
The water into, whilſt ſhe was in the me 
in the ſame manner as a ſmall force applied 150 
Wards to a ball And raiſed 5 
will raiſe it ſtill hig] 
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1 tides are greater than ordinary twice every | 
month, that is, about the times of new and | 


full moon; they are called SPRING TIDES.” 


For at theſe times the actions of hack ſun 
and moon concur to draw in the ſame right 
line; and therefore the ſea muſt be moſt eleva- 
ted. In conjunction, or when the ſun and 
moon are on the ſame fide af the earth, they 
voc conſpire to raiſe the water in the zenith, 
and conſequently in the nadir. And When 


the ſun, and moon are in oppoſition, that is, 55 


when the earth is between them, hilſt one 
makes high water, in the nich and nadir, 


4 bd - ; 
8-1 : Yo. SLY 21 FEE 4 Ys 2 * AE: Teck * 2 


The tides are leſs a We 462 vl 
month, that is, about rhe times of the firſt 
and laſt quarters of the moon; and theſe a are 
3 NEAP TIDES. = | 


* I, - 
WY Tf 25 "24 2 


. Becauſe i in theſe 1 eee che fun 


9 ud depreſſes where the moon raiſes; ſo that 
the n ME; n __ by be een a 


1 
82 


23 ä LIT EE 

4 1* is ro be nds dhe n 3 

not happen directly on the new and full moons, 
but rather a day or two after, when the action of 

"me dene dare conſpired together for a 

Stags" FT” ee 


es. che waters where amen depreſſes it; 5 
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conſiderable, time. In like panzer, the nap 
bike kuren f day or $400 after the gugrterz. 
WMhen the moon is in hex pexigæum, ox neapeſt 

| approach to the earth, the tides increaſe more in 


the: ſame: circumſtances than, at vane times. 


The ſpring da: are greateſt about the * 
the equinoxes, that is, about the latter end af 
March and September, than at any ather 


times of the nen eee e El 


longer | labndidvi6r tn e bew _ 
78 Ade that time be in the carth's equator, and 
TO confequently deſcribe a a great cirele ofthe earth, 

by whoſt diurnal rotation the floods will move 
ſwifter, as deſcribing a great circle in the fiime 


tie they uſed ta deſeribe a lefler, circle, hy 
Which, means. the. waters vill be thrown 

. forgibly againſt he Tarr e d bo 
x 1 ; 


high er. = : 
The ee 8 3 3 
ayb take place, if the whole ſurt 3 
earth was covered with fea; hut nce 
5 Were ariſe" 51 


17 en Se ſhores, &c. muſt be Conde | 
for cheſe We muſt refer cke reater to later | 

works on/aftronoray. ©. : 00 ib AIGUAN n 

Small inland ſcas, ſuch as the Medicerrantan 7 
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eauſe the actien f the fun and moon is nearty 
equal at both extremities: In very high lati- 
| tudes the tides are alſo very inconſiderable; for 

the ſun and moon always acting near the equa- 
tor, and railing the water towards the torrid 
zone, the neighbourhood of the poles muſt be 
conſequently deprivgd of thoſe waters, and whe 
ſea moſt be 8 pen: to other parts. 


B65 EM kxtiv. 


To #54: mes azimuth the toon is aßen At any 

place when it is Hood, or high » water; and 
thence the men ee of the Megs 
ago at the ſame plaae. 


Having obſerved the hour and 3 
water, about the time of new of full mon, 
_ rectify the globe to the latitude and ſun's place; 
find the moonꝰs place and latitude in an ephe- | 
meris, to which ſet the artifieial moon, and 
by the quadrant of altitude in the zenith 3 
| turn the globe till the -horary index. Points o 

the time of flood, and lay. the quadrant over 

| the center. of the artifcial moon, and it WII 


on. which the moon v Was, and the SA | 
e borizon. contained between the e ts als. 
agg and the quadrant, will be the mdo 


FO FO FRE: ſo e T7 SE NIE { 2 F957 hd 0 
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To aint the time of high water at the fame 
POD wk) 4 489 1 . a7 place. * Fe: mes” 28 110 


| coins globe to the latitude and zenith; 
find the'moon's' place by an ephemeris for hs 
given day of her age, or day of the month, and 
et the artificial moon to that place in the zodiac; 
put the quadrant of altitude to the azimuth be- 
fore found; and turn the globe till che artificial 
moon is under it's graduated edge, and the 
horary index will Point t to the time of the day 


x en l which it will be high » Water. i 


8 5 * '# N N 


%%C§ö;ö— 
| Tut Uer or The! Gretna robs: IN THE 

SOLUTION or PROBLEMS ASCERTAINING! THE 

th rng AND\>VESEBLE - Marianne ww 

cr COMETS, * $4244 10 : —171¹ ok I -- 1587 | 


There i Gale ef ör ſpec ies of planets 
5 which: Are called COMETS.” Theſe be =] 
thief fun in regular and Rated periods of times, 

5 in the ſame manner, and from the ſame cauſe: Y 
as the reſt of the plan ets do; that is, Sad 
kriperel force, "every where decreafing "as the 
Juares of che diſtances increaſe, which is the 
general av of the whole planetary H fte. 

Hut ehe centripetat force in the ea being 

0 compdun ded With th e projetfic Tbrce; ina very _ 
Gerecht rats from that Which is fund in the 
plan wy Bonne one Tr ee 


in 5 De cpa indie CY 
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elliptical. chan thoſe. liber glas, „nchen . 


almoſt circular. £ 
But whatever may be ah 3 * Aa comet's 


orbit in reality, their geocentric motions, or the 
apparent paths which they deſcribe in the hea- 


yens. among the fixed ſtars, will always be cir- 


cular, and therefore may be ſhewn upon the 


ſurface of a celeſtial, globe, as well as the 
motions 49d places. of wy of aner the 

Planets. - 

Jo give a an e of os cometary 8 
the globe, we ſhall chuſe that comet, for the 
ſubject of theſe problems, which made it's ap- 
pearance at Boſton, in New England, in the 
months of October and November, 17 38, in it's 
return to the ſun; after which, it approact 
near the ſun, as to ſęt HELIAGALLY, or tobe 


loſt in it's beams for ſome time, ſpent in paſſing >: 


the perihelion. ; Then after wards FARES. | 
Fram, the ſolar rays, it en eps in 
of March, and 0 continues = white month o! 
April. and part g f May, in the Welt — of 
 partigularly in Jamaica, whoſe latitude rendered | 
E:-vidble, in thoſe pr when it was, for;the 


greateſt part of che time,..invifible; 69.38, by 
reaſon of W's. ſouthern courſe through he. 


heavens. - A e LALO AA... | 
When eee can be made of 
Mk e nn 


4 
* 


£2 
— OED EPS oa tt renee tt toned. ng md A as cr 


| 


or mark it out pon the ſurface of the cH⁰, 
globe. Theſe, with regard to the abuveimen. 
. tioned comet, we have, and they are ſuffcient for 
dur a oh AE ade 
problems. 5 
By an . 50 at Jarngiey Ry 
Marc 1789, at V vclock in the mern. 
ng, the comet's altitude was found to De 24 
deg. z min! and it's azimuth 7 dege ſbuthz 
caſt. From, pes we ſhall find it's place e 


* \ 
1 35 0 2 + „ 4 
141 A "I, . 


a 2 21¹ bebe. N 4 12 if atrildow 93961 260 ; 8 
ont #41 NO Fade 2G eee 
T ct the globe for the latit ee 
of ebſervarion in Jamafea, latitude 1) d6g\ 
"36 min; and e . rn n 
"dave Pre dis . rf rake 4 WY 
| above the horizon, then fix. the quadrant of alti⸗ 
tutte to the füme degrer in the meridian, or 
zenith2poine, Again, the fun's Plare for be 
vt ef March fe in . 34 n. hich 
MTI ung the globe * tien rec 0 f 1 1 00 | 
plact᷑ and tie of ati: d 1 


9 A246 "Ef 25 Side a0 TS: 30. J 0 kt 1 
55 PROBLE M - LXXVI, ; 5 $52 cat 
the plane ot a comet on the fur= 


e e e 
10 e V 
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— the day, and latitude 
DIG) | £ 

| Thogloe belng gd to the given latitude, 
and day of the month, turn it about towards 
the caſt, till the hour index points to the given. 
zime, vz. V Flock in the morning; then bring 
the quadrant of altitude te interſect the hörtzon 
in 31 deg. the given aglimtth zn che ſoutli-calt 
quarter; then, under 24 deg/ 36 main. che given 
altitude; you will find the eomet s place, where 


you ty put u mall patch to e 


77FFF ˙· 
PROBLEM e, 
'To find the latitude, longitude, declination . 
po right afcenſion of the comets, _ 

imm the Circles of latitude contained in the 
zodiac, you il find the latitude of the comet 
to be about᷑ 30 deg. 30 mi m min, from the eeliptic ; 
_ the ſame circle of latitude reduces it's place to 
the ecliptic in 26 deg. 30 min. of ca which ! 
Js lontitacdde fought? | Then bring h com 

patch te the brazen meridian, and it; dec lina- 
on Wil be ſhewn te be 9 g. 75 min. ſourh. 
At chr ſame time, engl enfion will be 

| Kh groove M3 ber aaron e 


iir I * be 7 5 * gt: 7 iert — = EE 
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„ 6 Bring the (Place of the comet into the eaſtern 6 
ſemi- circle of the horizon, (the globe being 


as. directed) the index will point to III 


XS. =» 


hours f f min. which is the time of it's riſing in 
th dhe morning at Jamaica, the amplitude o deg. 
very nearly to- the ſouth. The patch being 


brogbt to the meridian, he index points to IX 
clock 10 win. dor che time of culminating, or 
ſouth: to them. Laſtly, bring the patch to 


ouch che weſtern meridian and the index will 


point to III i 
cometꝰs ſetting, with 10 deg. of ſouthern am- 


the afternoon, for the time of the 


4 — 


nds — EI TS AL: 
n Sts h ii git abuigs! 201 bak Gi 
ant of; 3 0 Nl LE * N Fe; 1 


| firm the. comer's. place. being given, to end the | 
time + it's rifing in the horizon gf London, 


9115 on the 34 | day of March, . vnd 54 07 
or Fox this urpo 


deg. of ſouth amplitude: then turn the patch to 


khe weſtern horizon, and the index en 

II h. 25 min. the time of it's ſetting. 5 

N. B. From hence it appears, „ 
Loon enough that moraing ts have been obſerved | 


1 . ae ec Lund the 


N 8 5 4 * e en 4 15 85 E 0 : ” 


| »* _ 8 1 4 ws . 
. 5 \-| 
A 8 2 ; 


pole, 0 the 

| globe for the given latitude) of London, and 
bring the cometazy-patch te ſte 5 

and the index points te.III hors, 45; Wine r 
ſttte time of it's riſing at London. ich about ii 


* 
2 ©. wy hn_ PEI Hh 


/ 
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To determine another place of the fame. comer, 


from an obſervation made at London on the 


5% 4 


On the th day of May, 1559, at X at night. 


- 6th day of May, at Rin che evening. 1 


the, place of the comet was obſerved, and it's. 
T, from two 


diſtance meaſured with a mi 


* fixed ſtars roarked i and/» in che conſtellation, 


called nv D, and. it's altitude was found to be; 


16 deg- and it's azimuth. 37 deg. ſouth-weſt, 
from e it's Place on i ſurface of the. 


and veg ſtuck a 3 eon 


ou ae 
aof the comet on the ſurface of 


the globe, e the two en and _— 5. 


88 as ed. e eee 


4 ; * > 2 
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PROBLEM XXXL. Het 


£ 


From t two given places of a comet, to figs ir. 5 


apparent e e che fixed 
heayens. | 855 
The two 


laces. of aha comet 1 ee 8 
wined by a obſervations on the 3 xſt af March, W 
1758, and the th of May following, and: de- y 
nenn — apa en ent 


. 


— 


5 
——— — —— — ——— — W- — —— — —— — — = —— — 
— ICI — denote — = ” A ” be ate wares = GER be roo ” 
*. 
a, 
* % 
” 


— 
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** 


Furche te celkitle With te Horn en vil 5 
the arch of che horizon e 1 


* 12 * 1 


ccd AG, inf by ae 4 K e A 
Back lead peneif along By the Rane 6f the ho- 
man, abs net or the nirfic ice f the globe will 
W ate vice.” Amdheke ir may be 5 


Silo wing ſoubfiern- ebrittitatibne, Vir: che tail 


ct Capricorn, the ti ef pflecb Mufrälle By He 
Head ef Hidus the” neck and body 6E Nr 
dirougtorhe weh of Apis; below! Priangulufr 


Adftridg5 abuve Miſty, By the Idwer off of the 


| Grofiers,.) avnoſiithe Hit legs: andi throuply the 
mikof/Conmmrug fömitfente Between the” they 
: Po eee ee, g eee eee 
then to hs ecliptic near Cor Eeoits ;- wen "ale 
: which, it totally « . e 


71 nt fg OP o- Hν rm O44 19%) 14 


Touts acne elif © ebmwet, 
two a 6 tbe pens being given by obfervation. 


— whkels being he ſpuee: 


deere invert dier wit BE the! 


een t : 6 | velocity 


- 
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. above-mentioned comet, yoir will: find, that ia 
daſcribeck more than 150 deg: inte: ſna _ 
ITT enen eg. pen dan. 


+ 3 3 R 
\ C337 1-5 : 48 "EIS. 4 0 Nane 


8 * 0 5 * * M_ Kitt. N 


[35 1 EM 


] 0 , + . 3% 


comer, for.any vhs itude. 
Bring the vi he: path of the comet to coin- 
cide with the Horizon, by which it was drawn, 
and then obſerve he degree of the meridian is 
im che nooth; point of the herirom . vhichʒ in the ve || 
caſo:ofithe-foregoingreomat; wilkhbethie:23-degs | I 
| Tender imw häahache | I [| 
„ ae, 1 


the moſt ſouthern; part: Wremen, „ 
vatedꝭ more than 5j; deg; above the:horizan,. anch 15 | 
the comet viſible through the: whole: time: af: | 


| i'supparition. But raclifhing ahe globe fn e 
5 htitade uf Landen; the fach af the faid comʒ t | 


6 — — f 
aginaing and ond __ aPPEAIANCE} 1 : 1 
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| to the point, it will appear in whavpart it vill 
again become! vitible; FFF 

Aſter this manner may eri relating 
to any other comets be performed and thus the 
paths of the ſeveral comets, which have hitherto 
. been obſerved, may be ſeverally delineated on 


che celeſti: globe, and heir various —— | 


bio G1 497; 5 415 to 3857 dis aff "> e 


Tapes 9k, e 


The ule of che celeſtial globe ĩs in-no.inft 


more conſpicuous: than in 6 
: | exining! che fixed Mars. Among many de : 


„ 


theorpof! other problems eaſy and clear to the | 


— Pupil, and e eee e 


he heavens' areas: 5 uc 
ſtars in tho day, as in the night; only that they 


are then rendered inviſible-tous; by the bright- 
neſs of che ſolar rays. But when this glorious 


luminary deſcends below / the horizon, they begin 


ee to appear. When the ſun is about 
below the horizon, ſtars of the firſt 


magnitude became vifible: when he is 13. de- 
pc e eee are ſeen: When 14 : 


eee third magnitude appear: 
16 degrees, 850 of the fourth preſent 
Wo themſelves | 


- 


LOBE, IN Pro. 
23: NARMS RELOFE d THE FIXED, STA ARS... bog 


cal knowledge. 1 kad vals; 
3 _— f . . * 2 : 
| Kuddel 1 


Hong 
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themſelves to view: when he is deſcended about 
1s degrees, the ſtars of the fifth and ſixth mag- 
nitude, and thoſe that are ſtill ſmaller, become 
conſpicuous, and the azure arch ſparkles with 
all it's glory. 


PROBLEM LXXXIV. 


To find the right aſcenſion and declination of 
any given ſtar. 


Bring the given ſtar to the meridian, and the 
degree under which it lies is it's declination; 
and the point in which the meridian interſects 
the equinoctial is: it's right aſcenſion. For in- 
ſtance, let Arcturus be the given ſtar; this 
brought to the meridian will be ſeen under the 
20 deg. 20 min. which is therefore it's decli- 
nation, north; and it's right aſcenſion is, at the 

ſame time, ſhewh in the equinoctial to be 21x 
deg. Again, another inftance may be Sirius, the 


dog: ſtar, which, brought to the meridian, will 


. . 20 min. in che eduinoctiel (Ns) | 


oover which fix the quadrant of 


— thei-e6 ita younin. aha intis 
_ declination, ſouth; and-it's right aſcenſion. w x 


| e IXXXV. : | 

'To find the latirude and longitude of « a given 
e ling 2 3.6 | 

3 pole of the ecliptic to the hl inn, 5 


5 1 the globe very ſteudy, move the _ 
8 * EY | drant 


We . 
” ” 
0 x * 
2 ” * - 
3 — * 
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drant to lie over the given ſtar, and it will cut 


that degree in che edge, as will ſhew it's latitude 
from- the ecliptic, and in the ecliptic the qua- 
drant will cut that degree which is called it's 


place REDUCED TO THE ECLIPTIC, or longitude 


ſpect to Arcturus, it's latitude from the ecliptic 
witt be found 30 deg. 30 mit. and it's longitude 


in the ecliptic about 20 deg. 20 min. of Libra. 


This problem regards either pole, as the ſtars 
are in the northern or ſouthern. es hy 


| PEN | 


PROBLEM. LEXXYL.,. 


| being given, to find it's place on the globe. 
Turn the globe till the meridian cuts the 


2 10 B'L EM EXXXVII. 5 


* 


trom the beginning of Aries. Thus, with re- 


5 The night aſcenſion wo WL ng "of a: hs 


+. + t 


c cquinoctial in the degree of right aſcenſion. - 
Thus, for example, ſuppoſè the right aſcenſion 
of Aldebaran to be 65 deg.\ 30 min. and it's de- 
clination to be 16 deg. north, then turn the 
globe about till the meridian cuts the equinoctial 
in 65 deg. 30 min. and under the 16 deg. of 
the meridian, on the northern part, you wilt 
7; _— the cog Aldebaran, or r the 3 whe - 


. ro end the time of the riſing, Wo ſetting, = | 
amplitude, &c. of ny os in a e latitude 8 
eee of the © YORK, C eneney 
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The precept is the ſame as in the problems for 
the ſun. Thus, let it be required to know at 
what time the Pleiades (or ſeven ſtars) riſe, ſet, 


&c. i in the latitude of London, on the 11th of 


+ May. The globe being rectified for the latitude 


of London, and the ſun's place for the given day, 


turn the globe about till you bring the Pleiades 


into the eaſtern ſemi- circle of the horizon, and 
the index will point to 34 deg. 45 min. the time 
of their riſing in the morning. Then bring the 
ſaid cluſter of ſtars. to the meridian, and the j in- 


dex will point to. about ; after XII for the time z 
of their culminating, or being upon the meri- 
dian. Laſtly, bring them into the weſtern 


horizon, and the index will point to VIII 40 


min. which ſhews the time of their ſetting in 
the evening of that day. It will alſo appear, on 
the circle of the horizon, that they riſe with 
about 40 deg. of amplitude to the north, and ſet 


with the ſame amplitude from the welt. 


"4 ; 
k = 


10 "LXXXVITE. 


| To find what conſtellation any remarkable ſtar, ; 


ſeen in the firmament, belongs to. | 
pie ns the ſun's place in the ecliptic for chat 


day to the ſtrong braſs meridian, and ſet the ho- 


rary index to that XII which is moſt elevated; 


the celeſtial globe being rectified to the latitude, 
turn the globe till it points to the preſent N 0 
and . the ne the mariner's compaſs, and 


Fre Eez ON "rn 
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x: attending töche wirkich, which at Losdon , 5 
3 nearly 24 degrees from the north, wWeſtward; fer 
D the north pole of e lobe rowartls the 'nofth 
| pole c TEES © i 
The ſtar upon the globe (if you conceive your= 
: ſelf. in the center) which directs towards 3 
Point in the heavens, in which che ftar you ant 
5 KnO 0 18 ſeen, is the ſtar required. 63 gen eee 5 125 
At the fame time, by compating t the kate un 
che heavens with thoſe upon the globe, the orhts | 
ſtars and their conſtellations may be kalt 1 
known; whereby you will be enabled, any Mart 
Ught night, to point out m tly of thofe ftars 
_, ralted 1 to various MO on "the . 
darth. 8 | 8 


% * : «KY; 127 


N 


N 5 N R O 1. EM LN. e 

EN : hrs hour any known Oar pa the 

J 34.2; meridian on any day in the year. | 

+ 2* © Rectty the globe to the theitide) and fer the 

WS A artificial ſun. to his place in the ecliptic; bring, 

1 7 8 it' $ center under the ſtrong braſs meridian, and 

EEE: Fr the horary index to XII; chen turn the 15 

. 5 ">: --globet! till the ſtar comes to the meridian, and the 7674 
nn, Horaty index will point upon the equator to the R$: 

| OE en e woch „ 
4s hy turn the globe on till the certter of Me 
artffic it b unter dur grade 80. the 8 


j CE : erik NY OO. the elevated 
8 No 4 
| 5 5 | pole, | 
. | 
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pole, all thoſe ftars, which are then cut by that 
fide of the meridian above the ſaid pole, will | 
"ONS the meridian at. wagen 


PROBLEM XC. 


"Is find on what day of the year any ſtar 9 3 
the meridian at any propoſed hour of the night. 


Bring the ſtar to the ſtrong braſs meridian, | 
| . ſet the horary index to the propoſed hour; 
then turn the globe till the index points to XII, 
and that degree on the ecliptic, Which is cut by 
the meridian, is the ſun's place, againſt which, : 
in the calendar upon the broad W ee 1 
the e of the want. . i 


EX . 


| PROBLEM XC. 


| To, trace e the circles of the Wee in che Ld 

1 firmament. „ 
Ane ſhall ſolve this A for aka time of 

hs autumnal equinox ; becauſe that interſection | 


of the equator andecliptic will be directly under 


the depreſſed part of the meridian about mid 
night; and then the oppoſite interſection will 
be elevated above the horizon; and alſo becauſt 0 
dur firſt meridian upon the terxeſtrial globe 
Paſſing eng, London, and rn Paint of 
: _—_ of London, device this, and wo A 
firſt point of Aries is brought under the gradus 
OR f ch af their meridians, We thallhave | 
pine oY LOI „ the _ 
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the correſponding face of thi heavens and hs ; 
earth repreſented, as they are. with reſpect to 
each other at that time, and the principal 
Circles of cach WY will em with each 
other. Lo - 1 
Ihe horizon is then diſtinguiſhed, if we dec 5 
from the north and count weſtward, by the fol- 
lowing conſtellations; the hounds and waiſt of 
Bootes, the northern crown, the head of Her- 
cules, the ſhoulders of Serpentarius, and Sobi- 


19 eſkiꝰ s ſhield; it paſſes a little below the feet of 


Antinous, and through thoſe of Capricorn, 
through the Sculptor's frame, Eridanus, the ſtar 
KRigell in Orion's foot, the head of Monoceros, 
the crab, the head of the little lion, and er i 
part of the great bear. . ! 
The meridian is then repreſented by the eclui- 8 
noctial colure, which paſſes through the ſtar 
rked Tin the tail of the little bear, under the 
25 pole, the pole ſtar, onè of the ſtars in the 
back of Caſſiopea's chair marked g, the head of 
Andromeda, the bright ſtar in the wing of Pe- 
- Hifi marked be aueh NY of the tall: of a 


_ the whale, - HR | 15 Ps $643 * 


That aa the W Which heli ove ; 
the horizon, is diſtinguifhed on the weſtern ſide 
by the northern part of "Sobieſki's ſhield,” the 
- ſhoulder. of Antinous, the Head and veſſel” of | 
Aquarius, the belly of the weſtern fiſh in Piſces;' 
it 12 through the head of the whale, e 
555 8 N 
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j 
5 
1 
"| 
| 


bright ſtar marked à in the corner of his mouth, 
and thence through the ſtar marked à in the © 
belt of Orion, at that time near the eaſtern ſide 
of the horizon. | 
That half of the ecliptic hie is hin above 
the horizon, if we begin from the weſtern ſide, 
preſents to our view Capricornus, Aquarius, 5 
Piſces, Aries, Taurus, Gemini and a Py of the 
conſtellation Cancer. | 
Phe ſolſtitial colure, t thay 1 ſide, 
"= paſſes through Cerberus, and the hand of Her- 
| cules, thence by the weſtern ſide of the conftel- 
lation Lyra, and through the dragon's head and 
body, through the pole point under the polar 
* | ſtar, to the eaſt of Auriga, through the ſtar 
marked ij in the foot of Caſtor, ang RY, 9 
hand and elbow of Orion. 5 
The northern polar circle, from that- part of 
the meridian under the elevated pole, advancing 
towards the weſt, paſſes through the ſhoulder of 
the great bear, thence a little to the north of the 
ſtar marked à in the dragon's tail, the great 
knot of the dragon, the middle of the body of 
= Cepheus, the northern part of Caſſiopea, and 
: | | baſe of her throne, through ee n 
| and the head of the great ber. 
The tropic of Cancer, from the weſtern e 
of the horizon, paſſes under the arm of Hercules, 
+ under che vulture, through the gooſe and fox, 
| which is under the beak and ving of the ſwan, 
7 5 NE Bos. . 
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under the ſtar called Sheat, marked 4 in 8 


under the head of Andromeda, and through 
the ſtar marked ꝙ in the fiſh of the conſtellation 


Piſces, above the bright ſtar in the head of the 


ram marked z, through the Pleiades, between 
the horns of the bull, and through a group of 
ſtars at the foot of Caſtor, thence above a ſtar 
marked 9. between Caſtor and Pollux, and ſo 


through a part of the conſtellation Cancer, where 


it diſappears by paſſing under the albern pare 


— 


an oma te; 


* 


The tropic of 5 FS ot Oi 


y fide of the horizon, paſſes through the belly, and 
under the tail of Capricorn, thence under Aqua- 


krius, through a ſtar in Eridanus marked c, thence 


under the belly of the whale, through the baſe 
of the chemical furnace, whence it goes under 


the hare at the feet of Orion, being there de- . 
preltd under the horizon. ks, 
\The; ſouthern polar, circle is 1 e e to 


the inhabitants of. London,, by. as under our 
borizon. oF (lol Eo 3 0 FD : 3 2 3 . E {1 28 y 
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Ardlic and antardtic circles, or 1 8 of bers 


* petual apparition and occultation. 8 
The largeſt parallel of latitude on the DC. 
trial globe, as well as: the largeſt circle of 4 decli- 
nation on the celeſtial, that appears entire above 
Ago Ret, of Ang: PIRES: e latitude, was 


bd e 
& $7 Ix. "ROE * 9 I gt „ PST 7 3 55 : 54 80 ta, A+ mm 
) . * © ' 8 
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called el the ancients the arctic des or cicele | 


of perpetual apparition. _  . 

Between the arctic circle and * oa pole 
in the celeſtial ſphere, are contained all thoſe 

ſtars which never ſet at that place, and ſeem to 

us, by the rotative motion of the earth, to be 

| perpetually carried round above our horizon, in in 

circles parallel to the eat, 

The largeſt parallel of latitude on che 1 
| rind, and the largeſt parallel of declination on 
the celeſtial globe, which is entirely hid below 
the horizon of any place, was by. the ancients 
called the antarctic circle, or eirele of e 1 
occultation. | 

„This circle . 8 which never 
riſe i in that place to an inhahitant of the northern 
N but . etually ae, Os 
on, ace he EE 

All arctic 3 5 8 5 5 zons ks 
7 vonh paint, and 4: antarctic circles touch their 


horizons in the ſouth-point; which. point, in we 


| _ terreſtrial and eee een CCL 
of the meridian and horizon. 
MY If the elevation of the pole be 4 Fab the 
| moſt; elevated part either of che arctic or an- 
tarcti. circle, will be in the zenith of. the . 
If the pole's elevation be leſs than 45 degrecs, 
-the zenith point of thoſe places will fall without 
it's agctie or Alara circles If gropters it wal 
An Figs ft Pula (EVI 7 11 16164}, Man in 


ch Therefore, 


: + 
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Therefore, the nearer any place is to the 
equator, the leſſer will it's arctic and antarctic 
. Eircles be; and on the contrary, the farther any 
place is roo the af as the 5 hots are. | 
80 that, 1 8 8 
At yan HP calle may be be 
AS both an arctic and antarctic circle, becauſe EE 
Planei 18 coincident with that of the horizon. 
But at che equator that is, in a right wee ö 
chere is neither arctic nor antarctic circle. | 
© They who live under the northern Pu Wir. 
a6 have” the tropic of Cancer for their arctic, : 
and that of e ry their dere 
circle. Ts Se e | 
And they” who fave on Aachen tropic; have b one 
ar the polar circles for their Ci. 
other for their antarctie circle. | £55 
Hence, whether theſe circles fall e ee | * 
1 Hiddt the. tropics, their diſtance from the ze- 
| nith of any place is ever equal to the difference 
between the *pole's elevation, and that of the 
equator above the horizon of that Place , 
From what has been ſaid, ĩt is plain there may - a 
be as many arctic and antarctic <ircles, . 
there are individual points upon any one me; 
dian, between the north and ſouth poles of che 
7 "OWE: - 7 08 (OTE SL» 2 Shins + S132 2 3 5 5 
Many authors . ebe miſtaken theſe dle . 
. circles, and have given their names to the ĩ a”... 
err pour e which laſt are arctic ©, 
an- 
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antarctie circles, i in one parties caſe only, as 
© bas been Ew. | 


HS ÞROBLEM XCIL.. | 
To find the circle, or parallel of rata 


_ apparition, or occultation of a fixed ſtar i in a 
given latitude. | : 


By rectifying the MILEY to the: W of 8 
the place, and turning it round on it's axis, it 
will be immediately evident, that the circle of 


perpetual apparition is that parallel of declina- 


tion which is equal to the complement of the 


given latitude northward; and for the perpe- 


— 


tual oceultation, it is the ſame parallel ſouth- 
ward, that is to ſay, in other words, all thoſe 
ſtars, whoſe declinations exceed the co- latitude, 
vill always be viſible, or above the horizon; 


and all thoſe in the oppoſite hemiſphere, whoſe- 
declination exceeds: mp nnen never riſe 
above the horizon. © Here 


For inſtance; >; _ a of 13 Io 


deg. 30 min. whoſe co=latitude is 38 deg. 30 


min. gives the Parallels deſired; for all thoſe 
ſtax which are Within the circle, towards the | 
north pole, never deſcend below our horizon * 


and all thoſe ſtars whiek are within the ſame 


circle, about the ſouth pole, dan er be ſeen 5 | 
in the latitude of London, as: page never aſcend 3 85 
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the . Kaos Ba of 8 ae ſet | 
north and ſhuth by the necdle'; then turn the 
globe on it's axis till the index points to the - 
| given hour of the night; theniall the upper ks f 3 
miſphere of the gie & will repre nt the ville 4 = 
Be and perineal 
4 . Untiane wie mn” 


I ee he att Wh wit "0 
| ere pierced eien herons 6 the ſtars 
on it's furface, the eye u] pe e eee 
bold Holes the various correſponding ſtars in 5 = 
che firmament; nd ende it eee „ 
| kngw; "the; various oonſteltarions ar fight; and = 8 a 
10 be able to call all the ſtats by their names. 
EZ uſe of this problem is moſt extenſive, as 1 
== it acquaints'us\ at any time with the apparent 
|| face or ſtate of the heaveris; and{ſhewgus/whew: | 
| mie moon; or any of this planets, may be een or 
fi for examination by the delete Wein 
alſo from hence learn, when any e 'of-thoſe duri- 
ous and wonderful DON called NEBULOUS | | 
PET "STAN, 
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riks, may be ſeen, and whith ſtrike the mind 
of the obſerver with amazement, by preſenting 
to his view an indefinite number of the ſmalleſt 
fixed ſtars through. the who Neſs A view in 
"his teleſcope. . 3 : 

From hence alſo, ths Porte tion 95 TO 5 ex- 
traordinary W called t he CRY or 
irrte way, is at any time Khow: | 

Tuis ſingle problem; therefore, by be con- 

1 dere n itſelf as ſofficient' te recommend the 
5 - uſe of the celeſtial globe to every e and 
rational mind, as the moſt 1 7 


: * 
8 11 


„ 
2 . k 5 
* of his-celeftia} tuition.” Foot Be Le Ra 
5 „5 741 %%% ² YEE RE Mak 
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The wü ft Place; the furs place, and 
che hour of "the. "night being given, to find 
5 _ the azimuth and altitude of: 8 55 known mg 


1 f 2 
ar. 4 ».. - 
2 7 — 
LF 4 9 j 3 8 . es 
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5080 che fan's Place: turn the globe till the hour | 

index points to the. given hour; then fix the 85 

dum of altitude in the zenith, and lay it 
„ - over the ſtar, EY ew the altitude eg 

, GPs of it. 7 * 1 Ye 8 

It was by- eee e e 

an ſettings of the fixed ters, or the times of 

_ their ral or e the meridianjithar 
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the ancients determined the hour or time of 


2 '% 1 


PROBLEM xcv. 


' Ihe latitude of the place, the ſun's Mace, and 
the azimuth of any known ſtar being given, 
to find the hour of the night. 3 


Having rectified the globe for the latitude 
of the place and the ſun's place, if the given 
. ſtar be due north or ſouth, bring it to the meri- 
fins. and the index NP) ſhew the. hour of the 
1 II the ſtar 55 in any fe Phi direction, — . 
| quadrant of altitude in the zenith, and ſet it to 
the ſtar's azimuth in the horizon; turn the globe 
about until the quadrant cuts the center of the 
dar. and then the horary index will ſhew the 7 
hau hour of the . I 
But as it may poſſibly Pe i that we may 
Wan ſtar, and would be glad to know what ſtar 
it is, or whether it may not be a new ſtar, or a 
comet; how that may be een mY 175 | 


been under the: lowing 7” es 


£28 "PROBLEM, xk. | | 


The latitude of the place, the ſun” s place, the 
hour of the night, and the altitude and 
| azimurh « of Ladle Kar: ROLE 1 898 wo. find the 


Rectify the globe for the latitude of the place, 
and the ſun's place; fix the quadrant of altitude 
in the zenith, and turn the globe till the hour 
index points to the given hour, and ſet the qua- 
drant of altitude to the given azimuth; then the 
ſtar that cuts the quadrant i in the Se e 
will be the ſtar ſought. 
Though two ſtars, that have aer 1 
aſcenſions, will not come to the meridian at 
the ſame time, yet it is poffible that in a certain 
latitude they may come to the ſame vertical 
| circle at the ſame time; 1 and that conſideration 


gives che W A 65 


* 


PROBLEM, XCVII. 


The latitude of the place, the fun's place, and 
two ſtars, that have the ſame pere nf 
given, to find the hour of the night. 


Rectify the globe for the latitude, the zenith, 
and the ſun's place; then turn the globe, and 
alſo the quadrant about, tilt both the ſtars coin- 

cCide with it's edge; the hour index will ſhew 

the hour of the night, and the place where. the 
quadrant cuts the e will be the common 

| aimnth of both ſtars. a 

What hath 8 ala of ett 

5 1 have the ſame azimuth, will hold good . 
wiſe of two ſtars that have the ſame altitude; 
5 from whence we © hah the OE 


P44, 17 3 4 1 
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5 J ͤ;ů;ͤ ; BEY-OS L E N XVIII. . 5 3 | | 


5 The Sa. of the place, the ſun's dee d and 
two ſtars, that have the ſame altitude, being 
Siven, to find the hour of the night. 85 


Rectify the globe for the latitude of the | 
1 the zenith, and the ſun” 8 place; turn the 
globe, fo that the ſame degree on the quadrant - _ 
+ + Sit cur: both. ſtars, then. the hour 8 will 
ſhew the hour of the night.” 
| In rhe former propoſitions the latirude of the | 
place is ſappoſed to be given, or known. But 
as it is frequently neceſſary to find the latitude 
of the place, and eſpeciallyat, ſea, how this may 
de found, in a rude manner at leaſt, having the 
time given by 2 good clock, or watch, will be 


285 abe bs Hard * * * EM rerx. „„ 
> 6 med. 6 be 1g 
©  ., .ftars,,;that have the ſame azimuth, or al. 
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r eg aeg. to find, Lhe latitude, of 


| 2 E ee eee 
two given ſtars huue the fame azimuth; or al- 
titude; ; then. the braſs meridian, will ſhew the 
47 40 | , 5 | e 
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height of the pole, and . he latitude 
of i fare 


PROBLEM £1 5 


| Two Karg being given, one on the on. 

and the other on the caſt and weſt part 

af the horizon, to ind the latitude of "we 
Place. 

e the ſlar e . 
the meridian of the globe; then keeping the 
globe from turning round it's axis, ſlide the 
meridian up or down in the notches, till the 
other ſtar is brought to the caft or weſt part 
of the horizon; and that elevation of the wy 
e 


onsER VAT ION. 


From what hath been ſaid, it appears, that 
if, of theſe five things, 1. the latitude of the 
place ; 2. the ſun's place in the ecliptic ; 3: the 

hour of the, night; 4-, the common azimuth of 

two known, fixed ſtars; 5. the equal a altitude of 
two known fixed, ſtars; any THREE "of therg 
being en. the remaining O. will eaſily be 

fern... . 
| There are toes: — of riſings and teig o of 
the. fixed ſtars, taken natice of by ancient au- 
thors, and commonly called POETICAL RISINGS 
and -SETTINGS, becauſe moſtly taken notice of 
by 1 * | oo | 

55 1 ge Theſe 


* 
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1 © Coltard's Hiſtory of Aftronomy. 


* 


Theſe are the ovinchk; ee and | 
HELIACAL,* FE 215 

They are to be found in mt ks "WM | 
treat on the doctrine of the ſphere, and are now 
chiefly uſeful in comparing and underſtanding 5 
paſſages in the ancient writers; ſuch are Heſiod, 
Virgil, Columella, Ovid, Pliny, &c. How they 
are to be found by calculation, may be ſeen 
in Petavius's TAE and — e 's 
Oy" e 1 425 


{4 „ | | 
Wuen a ſtar riſes or fs a uri, tv | 

bid to riſe or ſet cos CA Ir. „ 

From whence we * have 1 880 ebe 


PROBLEM 01. | 

+ The. latitude of the place being given, to find, 5 
by the globe, the time of the yon” when a 

Þþ 2 — ſtar riſes or ſets coſmically. | 


Let the given place be Rome, whoſe latitude | 
is 42 deg. 8 min. north; and let the given ſtar 


de the Lucida Pleiadum. Retify the globe for 


the latitude of the place; bring the ſtar to the 
edge of the eaſtern horizon, and mark the point 


of the ecliptic riſing along with it; that will be 
| found to be Taurus, 18 LEN oppoſite to which, 
on the horizon, will Ye ound Sock the . | 
r | ; 


ri 7 was 3 # Px 


— ” 
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The Lucida Pleiadum, . riſes colmi. 
cally. May the 3th. | 
If the globe continues rectified as 8 and | 
the Lucida Pleiadum be brought to the edge of 
- which is the ſun's place, then riſing on the caſt- 
ern ſide of the horizon, will be Scorpio, 29 deg. 
oppoſite to which, on the horizon, will be found 
November the 21ſt. The Lucida Pleiadum, 
| therefore, ſets. coſmically November the 21ſt. 
In the ſame manner, in the latitude of I. 
don, Sirius will be found to riſe coſmically 
Aug. the foth, and to ſet coſmically Nov. 1 oth. 
1 of the coſmical ſetting of the Pleiades, 5 
that Virgil is to be underſtood in this line, 


AE TiB1 EO ATLANTIDES ABSCONDANTUR,* 


and not of their SETTING. IN ,THE EAsr, as 
8 


ee 3 +41 1-4. 3 


"Sc A 2-7 


When a ſtar. riſes or ſets at dance un 
faid to riſe or ſet, AchRONICAILIL T. 
oY likewiſe, we have the. following | 


3 r 17 A * 8 8 
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| ; ae 2 of the place being given | 
the time of the year when a e will 
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Let the given place be Athens, whoſe latitude 
is 37 deg. e and ** the _ 1 8 be 
Aae. at 

Reif the globe for t the Init Use e 

ad bringing Arcturus to the eaſtern fide of the 

| horizon, mark the point of the ecliptic then ſet- 

ting on the weſtern fide; that will be found Aries, 

12 degi oppoſite to which, on the horizon, will 
riſes at Athens achronically: April the d. 

It & of this. riſing of Archurus that Hleſiod 4 
eee OR. b Dies. ” nnd 


When from rhe folllice f wintry days = . 1 5 
Their turns have fi finiſh" d, mark 9255 Eur“ fg | 
rays, 

From ocean's facred flood Ard iſe, 
Then "Hirſt to (nat the vero evening Wien 


X * A2 1 | | 
17 ks globe continues redtified to che lattude 
of the place, as before, and Arcturus be brought 
to che weſtern ſide of the horizon , the point of 
liptic ſetting along with ic will be Sagittary, - 
7 deg. pps to which, on the horizon, will he 
found November the 29th. At Athens, there- 
fore, ae ſets e November the 
n ge me manner Aidibaran, or che bull 
che, will be found to riſe achronically May the 
| 52, and to ſet ns. December the 19th. | 
| * DEFINITION 
2 Lib. ii, ver, 585. | > 


* 


* 
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DEFINITION. 


When a ſtar firſt becomes viſible in the morn- 
ing, after it hath been ſo near the ſun as to be 
hid by the IO een it is laid 10 rife 


HELIACALLY., 


But for this there is e ee Gin Be- 
preſſion of the ſun below the. horizon, more of 
leſs according to the magnitude of the ſtar. 'A 
far of the flirſt magnitude is commonly ſuppoſed 
to require that the ſun be ec 12 Gat? 4M 

PRO below the horizan. - 5 
| "Th 20 premiſed, we have 4 aner | 


REY * 1 5 1 £770 5 


The latizude of the place eee dad ain | 
| dime of 2 when 1 _ ds e | 
beliacall y,. 5 
Ler the gives filice be Rake, "darn | 
42 2 deg. north, and let the given ſtar be the bright 
ſtar in the bull's horn. 
ERectify the globe for tlie latitüde Fa Ty dike, 
gere un the” braſs quadtant of altitude in it's 
zenith, and turn ir to the weſtern fide of the hofis = 
20. Bring the ſtat ts the eaſtern fide of the 
horizon, and mark what degree of the eeliptie is 
cut by 12 deg; trdtked on the quad rut of alti- 
tude; that wilt be found to be Capfienm 4 Yeo. 
the point oppoſite to which is Cancer, 3 deg. 
and Popes to this will be found, on the hori- 
'F 3 z0n, - 
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zon, June 25th. The bright ſtar, n 
in the bull's horn, in the latitude of Rome, 
riſes heliacally June the SSH mol wn > 
2 rifagrand-Rttings are mavonly 
mentioned by:ithe--poets, but likewiſe: by the 
ancient phyſicians and hiſtorians. 

Thus Hippocrates, in his book De Ere, As, 
one ought to obſerve che heliacal rifings and 
Cartings. of: the ſtars; eſpecially the Dos isTar, and 
Fs eke erg, aeg be er 
| Fan 1 NIE JC ²*vy 1 
And Polybius, - akin lob" the loſs cofithe | 
| Romar fleet; in the firſt Punie war, fays,'* it 
was not ſo much owing to fortune, as to the ob- 
c ſtinacy of the conſuls, in not bearkening to their 
Pilots, who diſſuaded them from putting to ſea 
at that ſeaſon of the year, which was between the 

. rifing of Oxiox and the Dos sTaR; it Fogg al- 


f PR api 
"Rot! 45. N 


2 8 i 1 by: 
b tion. 


1 firſt immerſed in the. 88 2 
or bid by the fun's rays, i it is fad to ſer hel | 
4 acally. ai V 
0 . when eat nf the 
eee ee, within I af: 8 
fun, reckoned in the perpendicular. 4 th. e 

Hence * we hm the. ner mls abu 
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"PROBLEM ctv. 


TIO laricude of the place being given, to find the 
dime of the Lyon when a en ſtar ſets heli- | 

Let the given place be Rome, in laitude 3 
a6 north, and let the given ſtar be the bright 
ſtar in the bull's horn. Reclify the globe for 
the latitude of the place, and bring the ſtar to 
the edge'of the weſtern horizon ; turn the qua- 
drant of altitude, till 12 deg. cut the ecliptic on 
the eaſtern ſide of the meridian. This will be 
found to be 7 deg of Sagittary, the point oppo- 
ſite to which, in the ecliptic, is 7 deg. of Gemini; 
and oppoſite to that, on the horizon, is May 

the 28th, the time of the year when that ſets 
heliacally i in the latitude 5 Rome. Ca 


[Os THE 8 or THE Eqyixox. 


We have already taken notice of and fllu ſtrated, 
in page 378, that apparent ſlow motion of the 
fixed ſtars forwards, which is cauſed by the like 
ſlow motion of the equinoRtial points backwards: 
and ſhewn that this'is owing to the revolution of 
the axis of the equator about the axis of the 
ecliptic, the pole of the equator deſcribing i in the 
heavens a circle "about the axis of the ecliptic. 
By this motion they are found to recede from 
their ancient ere at a rate of 50 ſeconds. 


| 


456 DESCRIPTION AND USE , 


every year, making a degree i in 72. years, and 
25,920 years to perform one revolution, | 
Hence it is, that though the ſigus or conſtel- 
tions: in the zodiac are called by the ſame names 
with thoſe in the ecliptic, yet the ſigns in one do 
not anſwer to.thoſe in the other; the ſign called 
Aries, for inſtance, in the ecliptic, i is not in that 
part of i it which anſwers to. the figure or conſtel- | 
lation of Aries in the zodiac: the {ame is equally 
true of all the other ſigns. This is made very 
plain upon the celeſtial globe; for the reader 
will find there that the mark V. and the 30 deg. 
reckoned from it, which make the ſign, Aries, in 
the ecliptic, are not within. the figure. or con- 
ſtellation of. the ram. This motion in their 
langitude does not, however, vary their latitude, 7 
Hence their places being once determined to a 
N known year, their longitudes may be aſcertained 
j;or any time paſt or to come, by the ſole ſub- 
\. traction or addition of ſo many times 50 ſeconds, 
2 there are Tears between that to which the given 
5 ſtar is rectified, and that to which i it is required 3 
or knowing the quantity of preceſſion from any 
period, the diſtance thereof 1 in time. may 
be obtained, by reducing it into ſeconds, and 
dividing the reſult by 50571 the quotient. will give 


umber of rh, as in the iphyiog er exam. 
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tions, more or leſs, according to their diſtances 
from the pole of the ecliptic. Whence it may 
not be improper to ſhew how theſe may be found, 
as the coſmical, achronical; and heliacal riſings 
and ſettings of the fixed ſtars, found by the pre- 
ceding problems, have reſpect only to the preſent 
age; and the following problem will ſhew the 
reader how to determine the ancient place of any 

| ſtar agreeable to the time of ancient authors, if 


their OY may be de 
3 PROBLEM ey. 3 5 

| Given the 1 Jade and ancient longitude o "= 
fired ſtar, to find it's FOG yn. and de- 


 Llination. . OT ON | 
| Elevate the celeſtial abe to "hs Abb a 
bring the pole of the ecliptic into the zenith, | 
a there fix the quadrant of altitude ; apply it's 
ted edge to the given ſtar, and it will cut ” 
oy s preſent longitude, either on the ecliptic or 
broad paper circle, which in this poſition of the 
globe coincide with each other: make a wüten 35 F 
the quadrant, at the latitude of the given ſtar, | 
and remove it to it's ancient longitude, às found | 
above: then bring the graduated edge of the 
1 meridian to the mark juſt made upon 
quadrant of altitude, and ſet the center of the 
al fun to that point, which will chen repre- - 


? > 


fs the ancient place of the given ſtar. That 


Point of the moveable morigiane: upon which the 
Ns tex 
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enter of the artificial ſun was placed, is it's an 


cient declination; and that point of the equator, 
cut by it's J J e wy it's ancient Ate 
n 1 al 

The globe being 1 rectified: to FR enn 
peek of any particular ſtar, as given us by 


ancient authors, the times of the year when-ſuch 
far roſe or ſer; either coſmically, achronically; 


or heliacally, may be thus obtained by the pre- 


ceeding problems, agreeable to the period of tbe 


author under conſideration. The reader, who 
wiſhes to purſue this ſubject farther, will find ic 
illuſtrated by many curious and learned examples 


in the Rev. Mr. Coſtard's Hiſtory of Aſtronomy. 


Or The. © ConnspoxDenee. OF THE Pune 
| AND. TERRESTRIAL: Seuknss. “ — 5 


21 w FP 7 


"har hi reader 'may ' thoroughly: nerds 


111 


| what is meant by the correſpondence between 
the two ſpheres, let him imagine the celeſtial 


tranſparent. matter, which ſhall- inveſt or ſur- 
round the terreſtrial globe, but in ſuch a manner, 
that either may be turned about upon the poles 


of the globe, while the other remains fixed; and 


ſuppoſe the firſt point of Aries on the inveſting 
globe to be placed upon che firſt point of Aries on 
dhe terreſtrial globe, (which point is in the me- 

eee then pony ſtar in the celeſtial 
5 * 4 at 5 | ſphere. 


e Adams's Treatiſe on th Globes, 1 


. —— *˙ » 
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5 ſphere will be diredtly over thoſe places, Mb 
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it is a correſpondent, - Each ſtar will then have 


the degree of it's right aſcenſion directly upon the 


7 correſponding degree of terreſtrial longitude; 


heir: declination Will alſo be the ſame with the 
latitude of the plates to which they anſwer; or 


za other words, when the deelination of a ſtar is 


equal to the latitude of a place, ſuch ftar; withifh 


the ſpace: of 2 hours, will paſs vertically over 


_ that plats, e ee Ango tde, ſame 
 Kaizude, |. L 2 „ 121 1s 120 1 $0 ius 


If ve Ae ebleſtial ingeſting labs; 7 


be fixed, and the! terreſtrial globe to be gradually 


turned from weſt, eaſt}: it is rlear, chat as the 


7 F of London paſſes from one degree to 
under the inveſting ſphere,” every 


tar in rhe eefeſtiaf qptiert Becotnts ebf feſpondent 


5 to another place upon the carth, and ſo on; util 
ens canh has compiered one diurna}-rovolution; 


till. all the ſtars, by their apparent daily mo. 
have paſſtd over every meridian of the 
terreſtrial globe. From this view of the ſub- 


5 denn amazing variety, uniting. in wonderfu} 
wo pete Fug reader; and future ages will find it 


hatmony, preſents itſelf to the 


_ difficals to inveſtigate the reaſons that ſnould in- 


duce dhe preſent race of afironomers to hegledt a 


th ſubject ſo highly-intereſting to ſcience, even in a 
5 ern dev, bus which n eee 
. be * { | 5 them 


nodal) Belt a0 De nd 
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them. into more ſublime ſpeculations,” than, any - 
that ever yet preſented themſelves-t9. theix minds, 
A GENERAL Pesch TON or THE Pazzace or 

TEE STAR MARKED Y IN THE Head or THE 


| ConsSTELLATI ON Dgaco, 8 TH P. All- 
a Loxpon. 2 


de t i in the Seal 3 | 


Duc hae 51 deg. 32 min. north declination, 
equal to the latitude of London, is the coxreſ- 


| pondent far thereto. To find the places which 


in paſſes over, bring London to the graduared = 
ſide of the brass meridian, and you will find that 
the degree of the meridian over London and the 
repreſentative of the ſtar, paſſes over from Lan- 
don, the road to Briſtol, croſſes the Sevenn; the | 
Briſtol channel, the counties ob Cork an | 
in Ireland, the north pait of the Atlantic. ocenit, 
the Streights. of Belleiſle, New Beitain. the 
north part of the province of Canada, New South 
Wales, the ſouthern part of Kamſchatka, thenas 
over di ffrrent Fartarian nations; feveral provinces 
of Ruſſia, over Poland, part of Germany; tha 
ſouthern part of the United Provinces; when 
_ croſſings the ſea, it eee ar-che'meridian _ 
| of Londen YET An 5 3271 1 nr. 
| . Rwywicmyr belies 8 . 2 
| meridia» of Landon or any other meridian, 
all other ſtars, according to their declinatiom and 
- _ os.” 006: ee oh 00 * Foe 
FEISTY? LES _ fion 


1 


; a uitlſs inquiry, eee St i ati 


* 
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fion, (which ers to terreſttial latitude, long 
| tude; and difference of longitude) will at the 
ſame time be on ſuch meridians, and vertical to 
ſuch places as correſpond i in latitude,” longitude, 
and difference of longitude, with the declination, | 


FLA OR. - 


Kc. of the reſpective ſtars . 


4 
> . 


From the ſtars, PIR thus cc Jad we 
attaitia- copious field of geogtaphical knowledge, 
and may gain a clear idea of the proportionable 
diſtances; and real bearings, of remote empires, 
kingdoms, and provinces, from our own zenith, 
ar the ſame inſtant of time; which may be found 
in the ſame manner as we found the place to 
which che 8 85 w b gp at any Propoſed 
time. „ $25. n 171 051 
2 "Many defines bt this iode.-6f attaining 
phical knowledge, nay hes dend! in LOT 


2 baer treatiſe on the globes. 25 


We cannot conclude this Any o on ks erhlt 
xe, better than with the Rev. Mr. Woolaſton's 


E at the end of his PRETAcR 10 A 


Seuchen OF A GENERAL: ASTRONOMICAL! CATA- 
10uf, after exhorting all of every nation, 
e to unite in one common endeavour 
to perſect aur catalogues of the fixed ſtars, and 
render the knowledge of aſtronomy unf, 
as the art and induſtry of man can make it. 7&1 

Neither ought that, ſays he, to ee 5 
ange 1G ne eie in nns 


*.F airman's Geography. 


or THE GLOBES. - 463 


To what uſes ſuch knowledge may be turned; 


what new ſcenes may hereafter open to our view, 
it is | impoſſible to gueſs. Though enough is 
already known to be of great ſervice in common 
life, and at the ſame time to awaken contempla- 


tion; yet the ſtrides that have been made of late 


years in every branch of philoſophy, and not the 
leaſt in this, cannot but move an inquiſitive 
mind to a deſire of farther knowledge, which may 
lead on to farther benefit. The more the heavenly 


bodies excite our aſtoniſhment, from their ſize, 
their diſtances, the regularity of their motions; 


or any peculiarity or perfection we diſcover in 


in their places, the more clear it is to any rea- 


ſoning head that they could not have made them- 


ſelves: and that cloſe connection between cauſe 


and effect, which the farther we ſearch the more 


- 


clearly we diſcern, though it has ſtaggered the 


fich of many a celebrated naturaliſt, is itſelf"a 


proof, if he had not ſtopped ſhort of the con- 


cluſion, that all theſe muſt have been the'contri- 
vance of eds, ne in ne by 


an unerring hand. an Xn NY 
Let at the ſame time he who! Gn 


little corner on this earth of ours is replete with. 


animal life, though but one race on it ſeems to 


be endowed with reaſoning faculties, cannot but 


| be led on to a conjecture at leaſt, that all "thoſe 


vaſt bodies he diſcovers in ths heavens may be 


dy 1 1 # — 
> 
* . * ; 
* . a 
1 Fa 5 


44 brsertrrion 4 st 


3H ET yeopled with. their gradatiens efihabicanes likes - 
| wiſe; and that each of them not improbably 
| |. eontains it a rational beings too, to achnou ledgt 
ahn adoxe the Creator of them all. So far the 
| __ heathen philoſopher may go: though, if he be 2 
madeſt inquirer after truth, he will nat dogma- 
- due, or ee e RR enen wg 
B fo totally out of his reach. 

But the chriftian may Sabi allow-hirafels, 
vor to dograatize on his part, but to carry his 
conjectures a few fteps farther. Revolving in his 

man, the only rational inhabitant he knows: on 
cour earth; and conſidering that God has ſent 
ſiame oſ his angels or meſſengers from time to 
time to declare his will to us; and has moreover 
Is ent the Chriſt more fully to reveal it; whatever 
8 others may think, he is ſatisfied thereby that 
| WR however ſmall ue are in this vaſt univerſe, we 
are not beneath the. notice of the Ruler of it. 
_ _ _ - time the goodneſs of the Deity towards us, will 
| he not be led thereby into a more full ac kn.. 
: ledgment of him, and more determined reſo-—- 
Alution of Obedience to his will? This 'feems = 
| In ont uch ee ; 
| Bo ns 26 uguod? GH wining 
WEE: ik ine — de purſued, es unn h in- 
pain of the other planets of our ſyſtem, 
be many ene Es may be ae 
ont „„ the” 


— 
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the numberleſs ſtars in the vaſt 1 muſt 
equally be objects of the Divine favour with 
ourſelves; and fince the rational inhabitants of 
ſome few or more among ſo many myriads, may 
have been found diſobedient; is a man to blame 
for thinking that if they ſtand in need of reſto- 
ration, they muſt be full as worthy of i it as our- 
ſelyes; and may, for any thing that we know, 
have been already redeemed, or may yet be to 
| be. redeemed, when in and what way it ſhall be 
ſeen fitting by the Almighty ] Ruler of us all? 


Such thoughts at leaſt the author of theſe 


pages cannot but confeſs have occurred to his 
mind while he has been contemplating the hea- 
vens, during the intervals of obſervation, till the 
next ſtar has come into his field of view. And, 

though the divine ſhould be cautious of bewil- 
dering others with ſuch inquiries in the way of 
his profeſſion; he truſts, that the purſuit of them 
impreſſes on the philoſopher a no leſs rational 


idea of the world and the inhabitants of i it, than 


ſome have, who, while they confeſs the neceſſ ity 


of an intelligent maker to their clocks and 


watches, ſcornfully refuſe all acknowledgment 


2 | of one to the more wonderful works we behold. 


Neither indeed, on the other hand, does he think 


it tends to impreſs on any ons a leſs humble 


notion of man's dependence upon God, than 
others have, who UTE, a rere con- 
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fine all Weit ideas of fis moral government to 
|| | this little earth we inhabit. © 
| Ts That our earth itſelf does revolve round our. 
Aw; together with it's other planets, is now ac- 
knowledged by all; though the time has been 
chat ſuch acknowledgment was accounted cri- 
minal: that other planets may revolve round 
other ſuns, is probable: that ſome of the ſtars 
themſelyes do move, is of late years pretty well 
aſcertained: that our ſun does fo in fome degree, 
is ſurmiſed from obſervation: that all the ſtars 
| may do ſo too, is not unlikely : and if they all 
I 2.8 thought to do ſo in any certain courſe, round 
- one common center, on Which they all depend, 
and by which they are all governed; it is net 
brug man to quarrel with his brother concerning 
EE A conjecture it is, the idea of which has 
| les ſtarted, and it is confeſſed is not quite dif- 
45 1 approved; yet is it but. a Conjecture at the moſt, 
= SE which no man has any right to impoſe. upon 
| __ | another, however poſſible, or however | plau- 
| üble, or even eee ir ſhe an} to 
N - | 
EY But, be theſe things as «they may, let 5 | 
| philoſopher ſearch for races in every branch of 
ſcience; let the aſtronomer of every nation and 
every perſuaſion, ſearch for them in his walk, 
and communicate his diſcoyeries without reſerve; | 


A 


aud the time may come when ſome one or more 
| | |; 65 : ET | of 


- 
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ie” us | ſhall find out what may yet be i important 


to be known; one law by which they all are 


governed, the link in the chain of divinity as 
well as phyſics, by which they are connected all 
together.“ | 


. 
1 OF THE 
7 U 8 1 


| TER R ESTRIAL GLOBE, | 


' WHEN MOUNTED IN THE COM MON MANNER. 


A LTHOUGH I have, in the firſt part of 
this eſſay, laid before my readers the 


c ok which induce me to prefer my father's 
manner of mounting the globes, to the old or 


Prolemaic form, yet as many may be in poſſeſſion 


_ of globes mounted in the old form, and others 
may have been taught by thoſe: globes, I thought 
it would render theſe eſſays more complete, to 


give an account of ſo many of the leading prob- 


ems, ſolved on the common globes, as would 


S | "= 


3 


{ 


— 
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F 
enable them to apply the remainder of thoſe here 
tofore ſolved, to their own uſe. This is the more 
expedient, as ſince the publication of my father's 
treatiſe, there have been a few attempts to do- 
away ſome of the inconveniences of the ancient 


form, particularly that of the old hour circle, 


which i is now v generally MY under the merl- 
„„ | 

I cannot, however, refrain from again obſerv- 
"= to the pupil, that the folution of the prob- 
lems on the old globes depends upon appear 
ances; that therefore, if he means to content 
himſelf with the mere mechanical ſolution of 


rhem, the Ptolemaic' globes will anſwer his pur- 


. poſe; but if he wiſhes to have clear ideas of the 
rationale of thoſe problems, he muſt uſe thoſe 
mounted in my father's manner. 

The celeſtial globe is ufed the ſame way in 


| | both mountings, excepting that in my father's. © 


mounting it has ſome additional circles; but the- 

difference is ſs trifling, that it is preſumed the 

pupil can find no difficulty in applying the'direc- 
tions there as 192 to the old Wü. Fat 


> iba PMOL 1. oc og 


To find the latitude and longitude af: any given 
- Place on the globe. 


! 3 place to the eaſt fide of the braſs 
meridian, then the degree marked on the me- 


| ridian over it ſhews it's latitude, and the degree | 


ne | | | h of 


C 
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of the equator, under the meridian, u it's 


longitude. 725 = . 


Hence, if the longitude and latitude of any 


place be given, the place is eaſily found, by 


bringing the given longitude to the meridian; 
for then the place will lie under the given de- 
groe of f latitude upon the meridian. 9 


P ROB LE d II. 


To o find 'the differences of longitude Ls any 


two given places. 
Bring each of the given places ſucceſſively to 


che brazen meridian, and ſee where the meridian 


cuts the equator each time; the number of de- 


grees contained between thoſe two points, if it 


be leſs than 1 80 deg. otherwiſe the remainder to 


360 e will be the difference of longitude re- 


quired: 


PROBLEM. III. 


| To reQtify the globe for the latitude, den. wo 


Wiz = ſun's place. ig 3 
. the latitude of the place {by 0 mY 


and if the place be in the northern hemiſphere,  . 
elevate the north pole above the horizon, ac 


cording to the latitude of the place. If the place 
be in the ſouthern hemiſphere, elevate the ſouti 


pole above the ſouth point of the TER „ 


many degrees as are equal to the latitude. 
Having elevated the globe according to it 5 
Jatitude, count the degrees thereof upon the me- 


e 83 . ridian 


| Dan, and the globe wil _ rectified to the fun” 8 


circle under the north pole; it is divided into 

5 twice twelve hours, and has two rows of figures, 
one running from eaſt to weſt, the other from weſt 

1 eaſt; this circle is moveable, and the meridian | 


Bring the given place to the | brazen meridian, | 


470 DESCRIPTION AND USE 


ridian from the equator towards the 9 500 
pole, and that point will be the zenith, or the 
vertex of the place; to this point of the meri- 
dian faſten the quadrant of altitude, ſo that the 
graduated edge thereof may; be Joined: to the ſaid 
point. DH, 

| Having brought the ſun⸗ 8 place i in the 2 1 
to the meridian, ſet the hour index at twelve at 


\ 


WON: © PROBLEM IV. . 


The hour of the day at any place i given, to 
find all thoſe on the globe, where it is noob, 

7 - midnight, or any given. hour at that time. 
On the globes when mounted in the common 

manner, it is now cuſtomary to place the hour 


@nſwers the purpoſe of an inden. : 


and the given hour of the day on the hour circle; 
this done, turn the globe about, till the meridian 
points at the hour deſired; then, with all thoſe 
under the meridian, it is noon, eee or V 

4 oe! at that time. EO TID atm 


7 v3 . : 28 4 P 8 20 j B ” by Y 1 E f 5 } 7 


PROBLEM 
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PROBLEM V. 


The hour of the day at any place being given, 
to find the correſpondent hour (or what o'clock 

It is at that time) in any other place. 

Bring the given place to the brazen meridian, 
and ſer the hour circle to the given time; then 
turn the globe about, until the place where the 
hour is required comes to the meridian, and the 

- meridian will point out the dari of the _ at 
that 8 | 

- This, when it is noon at London, it is 


: „„ - | 

(Rome . e I IITD, Ap, © 
AY 4 Conſtantinople 2 7 p. M. 
. e ,,, og AM. 


i Pekin in China e 7 50 p. M. 4 


. 8 5 PROBLEM \ | 


The day of the month being given, to find all 
thoſe places on the globe where the ſun will be 
vertical, or in the zenith that day. 


Having found the ſun's place in the eats 
for the given day, bring the ſame to the brazen 
meridian, obſerve what degree of the meridian | 
is over it, then turn the globe round it's axis, 
and all places that paſs under that degree of the 
meridian will have the ſun vertical or in the 
Zenith that day, i. e. directly over the bead or 
each A at it 8 5 non. 

8 e Progr 


Ky 
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PROBLEM vrt. 1 


A place being given in the torrid zone, to find 
thoſe two days of the year on which the ſun 
will be vertical to chat place. | 


Bring the given place to the brazen 1 
and mark the degree of latitude that is exactly 
over it on the meridian; then turn the globe 
about it's axis, and obſerve the two points of the 

ecliptic, which paſs exactly under that degree of 
_ latitude, and- look on the horizon for the. two 
days of the year in which the ſun is in thoſe 
points or degrees of the ecliptic, and they are 
the days required; for on them, and none elſe, 
the ſun's declination is equalt to the, latitude: of the | 


"BY place. 


*Þ 4 


A.- 


P ROB LEM, VIII. 


"Tok find the antœci, periceci, and erer of | 
| ; r given place. | 8 
Bring the given place to the be den en 

and having found it's latitude, Keep the globe in 
that poſition, and count the ſame number of de- 7 
grees of latitude on the meridian, from the equa- 
tor towards the . contrary. pole, and where the 
reckoning ends, that will give the place of the . 
antœci upon the globe. Thoſe Who live at the 
| Equator: have no antœci. "ETD 
The globe remaining in the 3 . 
being the upper XII on the nr circle to the 


: meridian, 


N 
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meridian, then turn the globe about till the me- 


ridian points to the lower XII; the place which 
then lies under the. meridian, having the ſame. 


latitude with the given place, is the Pericect re- 


© quired. Thoſe who hve at the poles, if any, have 


no pericecl. | 
As the globe now ſtands (with the ider at the 


lower XII) the antipodes of the given place are 


under the ſame point of the brazen meridian 
where i 8 antœci rds before. | 


+ RODL EM IN.. 


To find at v hat hour the ſun riſes and ſets any 
day in the year; and alſo porn? what nn af | 
the compals. | 


Rectify the globe for the latitude of the a | 


5 you are in; bring the ſun's. place to the meridian, | 


and bring the XII to the meridian; then turn the 
ſun's place to the eaſtern edge of the horizon, 
and the meridian will point out the hor of 


 rifing; if you bring it to the weſtern n edge of the £ 


horizon, it will mew the ſetting. 512 
Thus on the 16th day of March, the fu roſe 


| alittle paſt'fix, and (et a little before fix, © 


Note: In the ſummer the ſun riſes and a a 


| little to the northward of the caſt and weſt" points, 
but i in winter, a little to the ſouthward of them. 


If, therefore, when the ſun's place is brought to 


the eaſtern and weſtern edges of the horizon, u 
7 Jook oc on the inner 9 N areas the ſun's 


Place, - 


Fl 


1 
| 
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place, you, il ſee the point of the compaſs 
upon which the ſun riſes and ſets that Ny. 


"PROBLEM * 


To find d the length of the day and night at yy 


time of the year. 
Only double. the time of the ſun's 112 pt 
8 and it gives the length of the night; double 
the time of his ſetting, and it gives the length 


of the day. | 15 | 
This problem Gown 85 long the phe os 


with us any day, and how N he is abſent from | 
. us any night. 


Thus on the 26th of May the fun. Ah hier 
. and ſets about eight; therefore, the day is 


fixteen hours long, and the night eight. | 


F X. 


1 10 find the length of the longeſt or ſhorteſt ty 


AE any place upon the earth. 


Recdiſ) the globe for that place, bring i Py — 
ginning of Cancer to the meridian; bring XII | 
to the meridian, then bring the ſame degree of 
Cancer to the eaſt part of the horizon, and the 


. | 


meridian will ſhew the time of the ſun” 8 riſing. 


E the ſame degree be brought. to the weſtern 
ade che meridian Will new the ſetting, which [ 


| doubled. (as in the laſt problem) will give the 
nase longeſt day and ſhorteſt night. _ 


ing the ; beginning e of Capricorn to 
"the 


* n . : f 
- A | 
w j 6. N , 7 


* 
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the meridian, and proceed in all reſpects as be- 
fore, we ſhall have the length of the longeſt 


night and ſhorteſt day. | | 
Thus in the Great Mogul's dominions, the 


longeſt day is 14 hours, and the ſhorteſt night 


10 hours. The ſhorteſt day is is 10 hours, and the 
longeſt night 14 hours. 

At Peterſburgh, the ſeat of the Ee of 
- Ruſſia, the longeſt day is about 19 4 hours, and 
the ſhorteſt night 44 hours; the ſhorteſt day 4 


hours, and longeſt night 19 4 hours, 


Note: In all places near the equator, the ſun 
riſes and ſets at ſix the year round. From thence 
to the polar circles, the days increaſe as the la- 
titude increaſes ; ſo that at thoſe circles them- 
ſelves, the longeſt day is 24 hours, and the 
| longeſt night Juſt the ſame, From the polar 
circles. to the poles, | the days continue to 


lengthen into weeks and months; ſo that at the 


very pole, the ſun ſhines for {ix months toge- 
ther in ſummer, and is abſent from i it ſix months 
in winter. 1 

Note: That when it is ſummer with the 
northern inhabitants, i it is winter with the ſouth- 
ern, and the contrary: and every part of the 


world partakes of an equa; ge of light and 


darkneſs. 


: \ 
8 3 oe & a a 3 _ 
"<> j k « i : A 5 n a * 


B 


Fare, * 


PROBLEM 


* 


/ 


Z night.” 


F * 
— 
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5 e e x: 
To find all thoſe inhabitants to whom the n! is 


this moment rifing or ſetting, in their meri- 


dian or midnight. 


Find the ſun's place in the benptic, and raiſe | 


the Pore as much above the horizon as the ſun . 


{that day) declines from the equator; then bring 
the place where the ſun is vertical at that hour 
to the braſs meridian; ſo will it then be in the 
Zenith or center of the horizon. Now ſee what 


countries lie on the weſtern edge of the Horizon, 
for in them the ſun is riſing; to thoſe on the 


_ eaſtern fide he is ſetting; to thoſe under the 


e part of the meridian it is 100N day; and 


bl 


to thoſe under the Tower” part of it, it is mid | 


„ 1 


Thus on the 25th of April, at fix! 0 clock i in 
* "he evening, at Worceſter, : 


The ſun is riſing at New , ws 15 b 


' who are failing in the middle of the Sera: 
South Bok 


The ſun is ſetting ; at Sweden, ds Italy. : 


"Tunis, in the middle of Negroland and Guinea. 
In the meridian (or noon) at the middle of 


Men Bay of Honduras, middle of F 2 


3 . 
Midnight at the middle of Tartary, Bengal, 


| India, omg FRE ſeas near r the Sunda iſles. 
| PROBLEM | 


# 


by 
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PROBLEM XIII. 
To find the beginning and end of twilight. 


The twilight is that faint light which opens 
the morning by little and little in the eaſt, before 
the ſun riſes; and gradually ſhuts in the evening 
in the weſt, after the ſun is ſet. It ariſes from 
the ſun's illuminating the upper part of the at- 
moſphere, and begins always when he ap- 
proaches within 18 degrees of the eaſtern part 
of the horizon, and ends when he deſcends 18 
degrees below the weſtern; when dark night 
commences, and continues till day breaks again. 
To find the beginning of twilight, rectify the 
globe; turn the degree of the ecliptic, which is 
oppoſite to the ſur's place, till it is elevated 18 
degrees in the quadrant of altitude above the 
horizon on the weſt, ſo will the 85 FR the 
hou twilight begins. | 
Tbis ſhort ſpecimen of 9 by the old 
globes, it is preſumed, will be dünne e to ena- 
ble the pupil, N deus any other. 
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PLANETARI UMS, TELLURIAN „ 
A N D. 


purges | 


| Tos e *s my Sea d 
to deſcribe thoſe inſtruments that have been 
contrived to facilitate the progreſs of aſtronomy 
and geography. By their aſſiſtance, the lecturer 
and teacher are enabled to impreſs more ſtrongly 
on their pupils, the principles deſigned to be 
cultivated. The pupil, by reſolving a problem, 
or explaining any particular phænomenon by an 
inſtrument, ſtrengthens the faculties of his mind, 
and xealizcs to himſelf by the eye and the touch, 
what would otherwiſe have left but a faint and 
imperfect trace upon his memory. : 


* 


% 


16 
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Jo repreſent by machines the motion and 
various aſpects of the heavenly bodies, to ſhew 
by them the paralleliſm of the earth's axis, toge- 
ther withit's diurnal and annual motions ; and by 
this means to explain the beautiful variety of the 
ſeaſons, and other celeſtial and terreſtrial phæ- 
nomena, has ever been conſidered as one of the 
nobleſt efforts of mechanical genius.” : 

It is the buſineſs of this eflay to deſcribe the 
moſt modern inſtruments that have been contri- 

ved, for this purpoſe. The three firſt that I 
ſhall deſcribe are repreſented in plate V, plate 
XV. and plate XVI: the one is a manual plane- 
tarium, the other a ſimple. tellurian, the third a 
lunarium: theſe three ought to accompany every 
pair of globes; they are rendered as ſimple as 

poſſible, in order to reduce the Price, that much | 
real knowledge may be. attained / at an 7 


rate. | 
Plate XVII. his; Is and, This XVIII. 5 1 


> and 2, repreſent what 1 deem to be the com- 


pleteſt inſtrument of the kind: it is ſo contrived 
as to exhibit, with the greateſt accuracy and 
perſpicuity, the EIN of the earth and 
heavens; being thę moſt comprehenſive, and at | 
the ſame time the le | defective.” — 5 

Plate XIX. repi eſents an elegant and neat 
planetarium, tellurian, and lunarium, in one 
e the whole moving by wheel-work. | 
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Fig. EY and 2, plate . two armillary | 


' ſpheres; a planetarium is included in that of 


fig. 1, plate XIII. fig. 2 is an armillary ſphere, 


by which the real and apparent motion of the 
earth and eee . be POR and ex- 


1 


5 A 8 or THE THREE ee ee 


8 
E445 1464 


REPRESENTED | IN mn»: V. PLATE XV. AND 


In this part we ſhall fuppoſe the reader to be 


e with thoſe definitions that we have 
had occaſion to introduce in the preceding parts 
| of this work; theſe being remembered, he will © 
| meet with little” or no 8 i in ae ba ol. 


8 3 £5 2 4 ; 


9 1 LE: * "3 * ; ak ; 


Plate * repreſents a min aten or 


one in which the planets muſt be moved ain hated, OL 
: Vibout the ee. of Werl work. | 5 


LES 4 +. 


| Pinar, oy Devenrvrrhxor THE biene, : 
ey 95 | 
e | KBPRESENTED: AT PLATE NV. 921 


— 1 8 
25 N | 
* 


os planetarium. may be a ee as a op on 


1 wical ſection of our univerſe, in which the upper 
3 and lower hemiſpheres a are ſuppreſſed ; the ſun is 


reſented by abraſs ball © placed in the center 


: of | the inſtrument; round about, but at different 7 


diftances, the planets. are placed thus on the | 
n Mereury F, then venus 2, 
rs» 
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the Earth O, Mars 85 Jupiter . and laſtly. 


Saturn . 

The ſecondary ones are placed about the pri- 
_ ones; thus about the earth there is one 
little ball to repreſent the moon, about Jupiter 
four, about Saturn are five | beſides his ring. 
Upon the plate of the planetarium are placed. 
in two oppoſite circles, the ecliptic, and the 
calendar of months, by which means the planets 


may be ſet to their mean places i in the . 


for any day of the year. 


Imperfect as this inſtrument may appear, it 
will greatly aſſiſt the tutor in communicating to 


his pupil general ideas of the order, number, 
phaſes, relative poſitions, and motion of the 


celeſtial bodies. Either of the planets may be 
turned round by laying hold of, and moving 
the braſs bar which ſupports them. In thus 


imitating their different revolutions, it will be 
very obvious that if each of them left a trace 
behind of their motions, there would be fix con- 
centric circles deſcribed about the braſs Gy 
repreſenting their different orbits. _ 


A: ſecond obſervation may be very 1 5 


chat, which has been inſiſted on in the firſt eſſay 


of this-work, page 16, namely, that the motions 
of the. planets are regular and harmonious as 
ſieen from the ſun; the pupil, by ſuppoſing him- 
ſelf n on ths braſs a" => 5 
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motion of the planets from thence, will find the 
idea pleaſingly and fully illuſtrated. - 
Let him aſterwards fuppoſe himſelf to * | 


_ Hituated on the earth, and he will ſoon find, that 


it is his ſituation which is the ſource of apparent 
irregularity. If he conſiders the motions. of 


the planets Venus and Mercury, he will find 


that in one part of their orbit, they paſs be- 


tween us and the ſun: this is called their infe- 
rior conjunction, while in the oppoſite. part 


they paſs on beyond, or on the other ſide of 


| the: d which is called their 8 8 con- 


{Hare ao it 8 very 3 that Dake 
ther of theſe planets can ever appear at a great 


diſtance from the ſun. The tutor may eaſily 


explain this, and what is alſo meant by the elon- 


f gation of a planet, by applying the doubled end 


of a piece of thread to the globe that repreſents 


the earth; one of the ends of the thread cloſe to 


the ſtem of the ſun, and the other end to that 


of Venus and Mercury; he will then find on 


moving the planets round, that they can never | 


| appear far from the ſun, and that Mercuryre- 


codes -leſs from him than Venus; the angle ob-' 


__ ſerved by this means would coincide exactly 
with that f the heavens, if the arms of the 


planetarium were at a ſufficient length bo repre- : 
ſent the eee W of the Planets 5 
A oer EI 5 Ds =E 1 55 from 
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from each other. It is becauſe Mercury re- 
moves ſo little from the ſun, that he i ig ſo ſel- 
dom ſeen. | 2 
The pupil will find that thi ſuperior We 
Mars, Jupiter, or Saturn, are ſometimes ſeen in 
direct oppoſition to the ſun, having the earth 
between them and it; they are at other times 
ſeen in conjunction with the ſun, or on the con- 


trary ſide of it. The phaſes of the planets are 
illuſtrated by placing a ſmall lamp, or piece of 


candle, in the center of the machine, inſtead.of 
| the braſs ball that repreſents the ſun. -- 

The planets when moving, are continually 
varying their diſtances from the earth, and con- 
ſequently cannot appear to move with an uni- 
form velocity; for they will be ſeen to move 
faſter when they are neareſt the earth, and 
ſloweſt when they are moſt remote from it; 


' 


hence alſo they appear much e's 0 at one time 


than at another. 


The teacher may by this Witwibehe Wat it 


obvious to his pupil, Why the planets appear to 


move ſometimes direct, at others ſtationary or 
retrograde by extending a ſtring from the earth | 


over either of the planets, and to ſome diſtance 


beyond them, and e it over N . 


a revolution 


5 + eee che bebt will: receive the | 
moſt ſatisfactory evidence of the truth of the 
Copano and the errors of the Ptolemaic 
. . 8 W Ta, 
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| ſyſtem. For on removing the braſs ball Ca 
the center, and placing in it's ſtead a ſmall ivory | 
one to repreſent the earth, and placing a ſmall 
braſs ball inſtead of the ivory earth, the inſtru- . 
ment will then exhibit the ſituation of the 


planetary bodies according to the e 
ſyſtem. 


It is plain, that in thi ſyſtem, nd the 
| 45 is made the center of the motion of the 
heavenly bodies, 1. That their motions would 


all have been the ſame way, or from welt to caſt 


.» continually ; whereas in the heaven they are ſeen 
to move ſometimes from welt to caſt, at others 
from eaſt to weſt, while at other times they are 


ſtationary. 2. They would in this caſe appear 
to move with an uniform velocity; whereas they 
are always obſerved to move with a variable 
one. 3. On the ſuppoſition that the earth was the 


__ center of the ſyſtem, it is evident from the. 


8 inſtrument, that any of the planets might be 
ſeen at all diſtances from the ſun, or that Mer- 


cury or Venus might be ſeen when the ſun is 


ſetting, not only in the ſouth, but even in the 
_ caſt, ſituations in which they were never ſeen by 


any obſerver. 4. The planets Venus and Mer-, 0 


cury being, according to this hypotheſis, within 
the orbit of the ſun, could never be ſeen to go 


| behind or beyond; but from obſervation we 
find them as oſten behind as before the ſun. 


To remedy theſe imperfections in his ſyſtem, 


K 
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and reconcile it with nature, Ptolemy was obli- 
ged to introduce various circles, into which he 
ſuppoſed the planets to deviate in their revolu- 
tions round the earth; thus multiplying cauſes 
without neceſſity, and rendering that perplexed, 
which, when rightly Conley is e to . 
ſimple. 594 


DuscrrerION OF THE TEeLLURIAN REPRESENTED 
Ax FId. x, Plats V. | 


This is the moſt ſimple tellurian that is 


made; my endeavours in conſtructing it have 
been to form an inſtrument that ſhould render 
the phænomena of the ſeaſons clear | to the 
- youngeſt pupil. 

It conſiſts of four ſmall . A, B, C, D, 
deſigned to repreſent our earth at the four prin- 
cipal ſeaſons of the year, ſummer and winter, 
ſpring and autumn. Theſe globes are all in- 


clined in an angle of 664 degrees to the plane of 


the ecliptic; in the center of the inſtrument a 


braſs ball is placed, to repreſent the ſun; there . 


is alſo a ſmall pillar, on the top of which are 
| placed ſeveral wires, parallel to each other, to 


| repreſent parallel rays proceeding from the ſun; _ 


to each globe there is a black hemiſphere, pla- 
ced oppoſite to the ſun, dividing the enlight- 
ened from the unenlightened parts of the globe; 
one of theſe black hemiſpheres may be taken off 

occafl onally, and the globe be removed from 
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it's ſituation. | There is alſo a circle, which is 
not. repreſented in the plate; this circle is 
placed at the height of the earth's center, and 
is intended to repreſent the orbit of the earth; 
four pieces of wire are placed at the four quar- 
ters of this circle, having the ſame inclination 
to it that the axis of the earth has to the plane 
of it's orbit, to give a clear idea of what is 
meant by the inclination of the axis of the earth, 
and what by it's paralleliſm. 8 | 
Jo explain the required phænomena by this 
instrument: the tutor has only to aſſume two 
| propoſitions: I. That a globular luminous body 85 
ſending out parallel rays, will only enlighten 
one half of another globe, and conſequently 
that hemiſphere only is illuminated which is 
turned towards the luminous body. 2. That 
the globe moves round the luminous body in 
ſuch a manner, that in all parts of it's orbit, 
it's axis may be parallel to itſelf, and have a 
erin inclination to the plane of the orbit. | 
When the earth i is in the firſt point of Capri- 
corn, the ſun will appear in the firſt point of 
Cancer; in this ſituation, which i is that of the 
ball A, fig. 1, plate V. the north pole j is turned 
cowards the ſun, and that part of the globe ſitua- 955 
ted within the arctic circle, lies wholly ; in the 
lighted, d 1 n no night; 
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being totally turned from the fun, a are quite in- 


volved in darkneſs. 


In this poſition of the end FO inhabitants of 


the northern hemiſphere will have their days at 
the longeſt, and their nights at the ſhorteſt; and 
the length of the longeſt days are greater, accord- 
ing as the place is further removed from the 
equator, till it reaches the polar circle, from 


whence to the pole there is at this ſeaſon continual 


day, and the ſeaſon is that of ſummer: while 
| all the inhabitants on the ſouth ſide of the equator 
will have their nights the longeſt, and their days 


the ſhorteſt ; becauſe the greateſt portion of the 


parallels which they deſcribe by the diurnal mo- 
tion of the earth, are in darkneſs, and the leaſt in 
the light; the ſeaſon of the ond nen at this 
time is winter. 
Io render this ſubject mn to the DEF let 
| the tutor now refer him to the oppoſite ſituation 
of the globe at C, when the earth is in the firſt 
point of Cancer, and the ſun'is ſeen in the firſt 
point of Capricon. Here the northern polar cir- 
cle is all involved in darkneſs, and has no day; 
while the ſouthern is entirely within the light, 
and to the inhabitants thereof there is no night. 


It is now winter in the northern hemiſphere, 
and the days are ſhorter than the night; while in 


the ſouthern hemiſphere, the days are at the 
| longeſt. If the hemiſphere: be now removed 
e wh globe which is at Capricorn, and the 
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5 globe itſelf be taken out, and brought near to 

that at Cancer, keeping the axis parallel to it's 
former ſituation, the young mind will immedi- 
ately perceive how the beautiful viciſſitude in the 


ſeaſons is effected, merely by the inclination of 


the earth's axis to the plane of it's orbit, and the 
paralleliſm of it's axis during it's annual courſe. 
When the globe is at the firſt point of Aries, 
8 D, and the ſun appears to be in the firſt - 
point of Libra; the circle of illumination 
touches both poles, and the ſun is vertical to 
the equator; the axis inclines ſideways to tho 
ſun, ſo that the earth is enlightened from pole ta 
pole, and the days and nights are equal at all 
places of the carth, and the ſeaſon is that of the 


vernal equinox. _ 


When the earth is at Libra, the 5 appears FAS 
Aries; the earth is again enlightened from pole 
to beten and ow and. nights are S ny 


*. 
58 


As 8 are Gy mexidian 3 {IA on 
of the globes, all meeting at their poles, 

8 aachen rotation of the earth on it's axis is 
performed in 24 hours, each of theſe meridians 
is an hour diſtant from the other in every parallel 
of latitude. Vou may, therefore, find how long 
the day is at any place of the earth, in either of 
the four ſituations, by counting how many of 
theſe meridians are in the light in the parallel of 

ü laticade of the * en this number being 
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3 from 24 honey will T the . of 


the night. 


In all i of the „ half he 2 


is always i in the light, and half in darkiieſs; 
therefore, at the ai the ven and waht nf are 
7 equal. x; 

If you take off che cap adds obs which j is 
mon: then remove it from it's place, and 


hold it in the four cardinal ſituations in which 


the other are fixed, but with the axis perpendi- 
. cular to the plane of the ecliptic ; you will find 
that the ſeaſons. would, in this caſe, have been 
always the ſame, without any alteration, and the 
days and nights of the ſame length at all places, 
throughout the whole year: only at the poles 
there would be hardly either day or night, the 
ſun, neither riſing above, nor ſetting below the 
horizon, but going round the ſame continually, 


with one half of his diſc in view. This is what 
would really happen, if the axis of the earth did 


not incline to the plane of it's orbit. 


Duccxierrox or. THE Loxanron, wircn 1 
| "REPRESENTED: 4 Fre. 1, Pray e 


3 B Saks [baſe of the ee eee ; 
there are two circles, one with the ſigns of the 


- ecliptic, the other: with the days of the m at] 
. correſponding thereto, for the readier ſetting the 
moon or her nodes to their reſpectiye places. 
* inclined braſs W GH * 
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er plane parallel to che former, and ſup- 


ported by two braſs props; the i inner edge of this 


Hing nearly touches the artificial 1 en and re- : 


- profits the plane of the moon's orbit. 


| 0 FThe moon is ſometimes on the noe | 
9 and ſometimes on the ſouth ſide of the ecliptic, 


- which is called her latitude; the degrees and 


parts thereof are engra ved from each node to | 
the” higheſt and loweſt part of her orbit, which 5 
i 5 deg. 1 8 min. on each ſide of the nodes. The 8 


two nodes lie in the plane of the celiptic, in 
hefe parts of the moon's orbit where the wires 
that fupport it are fixed. That from which the 
moon begins to aſcend northward; above the 
cp, is called the aſcending or north node, 
{as the oppoſite one from which the moon def. 
cends ſouthward, below the ecliptic;\is* called 
. defcending* node. 1 1 hey always keep op. 

ofite to each other, and move backward 


"> 5 thivagh all the figns of the ecliptic," in about 


7 


teen years; on each ſide of them both is 


engraved a ſmall. ſun at 18 degrees, and 85 ſmall | 


moon 12 degrees diſtant from them; theſe are 
the limits of eclipſes, the firſt of the ſun, 1 


the "other of the moon. In uſing. this inſtru- 73 


went, the brafs ball repreſenting the ſun, 16 
ppofed* to be on the table, oppoſite to it's 
— Place in the ecliptic, for the given time; and 


that the moon's nodes are alſo Tor © to 46 85 1 5 


8 1 1 on „ 
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Af; the moon's orbit coincided with the plane 
of the ecliptic, there would be an eclipſe of 
the ſun at every new moon; becauſe the moon's 
ſhadow then paſſing over ſome parts of the earth, 
would deprive them of the ſun's light ; but be- 
. cauſe the ſun Is a great luminous body, and 
the moon a ſmall opake one, her ſhadow will be 
conical, and can only cover a ſmall part of the 
earth at once; and therefore there would be 
ſeveral ſuch eclipſes inviſible, though at noon. 
day, to a great many places on the earth. The 
moon would alſo, every time ſhe was oppoſite to 
the ſun, paſs through the ſhadow of the carth, 
and undergo a total eclipſe to all thoſe inhabi- 
tants of the earth to whom it was viſible. 

But as the ſun, and earth are always in the | 
plane of the ecliptic, and the moon's orbit is in- 
clined to it, and cuts it only in the nodes, it is 
plain there can be no eclipſes, but when a right : 
line paſſing through the nodes would, if con- 
tinued, run either through, or nearly by the ſun, 
at the time of ne or full moon; and from the 
time that this happens till it does ſo again, is 
about 173 days, or near half a year, ſave War 
allowance is to be made of 18 degrees on either 
ſide of the nodes, within which the ſun may be 
eclipſed; and of 12 1 Wm N the 
moon may ſuffer an eclipſeee e. 4 

The foregoing circumſtances. are e 
erident to the ſenſes and the mind, by NOR” 
- the 
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the lunarium; particularly fo, when a candle, or 


lamp, is ſubſtituted in the Khan of the m_— 


er e e e : 
Filho or eee e 
2 USE, AND. APPLICA TION, 
| TLANETARIUM, LUNARIUM, 
05 e e 
| \TELLURIAN. 


F 


| HE deſcription of the preceding. inſtru- | 
ments is in @ great degree applicable to 
e oved planetarium ; but as the conſtruc... 

his is more perfect, and as it is alſo more 


= . in it's uſe, a fuller deſcription is- 


neceſſary, which I give the more readily, as the 


deſcription of this will ſerye, with very few. : 5 


5 eee for the greater part of orrerics, &c. 
The explanation of the inſtrument will enable 


us to render ſome articles plainer, and to treat 


- others. wort fully, while thoſe who have not 
thoroughly comprehended what bas been al- 
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| 1 bid may 25 more e ideas of fthe 


8 


were not unacquainted with planetary machines, 
and that the ſame powers of genius which led 


them to contemplate and reaſon upon the 


motion of the heavenly bodies, · induced them to 
realize their ideas, and form inſtruments for ex- 
plaining them; and we may fairly preſume, 
that theſe, were carried to no ſmall degree of 


perfection, when we conſider that of one Archi- 


medes was the maker, ani] Liese the enco- 
miaſt. | . 
The 1 now to "Ve deſcribed, was in- 


—_— by the celebrated Hurcens ; though 
| ſince his time it has been aſcribed to almoſt as” 


many, inventors as makers; each deviation in 
form, the mounting it in this mode or the other, 
the addition of a zodiac, or ſome ſuch light 
changes, have been deemed by many of ſufficient 
importance to give them a claim to the title of 
 inventors3—be it ſo. Let the friend of ſcience 
encourage every humble effort. to improve | it, 
and let him beſtow a name which, though it 
may in ſome meaſure gratify vanity, yet incites 


| 10 labour, rather than by contempt check the 


It . ſeems highly. probable, hot ah ancients 


— 


ardour, or diſcourage the talents. which, hen 
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Drschrrrrox or THE PLAN ETARTIUMS. 


Fig. 17 plate XVII. repreſents the Rani | 
rium, the box in which the wheel-work is 


contained that moves the ſix primary Planets 


round the braſs ball that repreſents the ſun; in 


their proper periods of time, this motion being 


e eee to them by turning the handle. 


On the upper plate of the planetarium, there 


75 are placed in two oppoſite cirles, correſponding : 


t each other, the ſigns of the ecliptic; and the 
days of the month, by means whereof the planets 


may be eaſily ſet to their mean places in the 15 
ecliptic for any day in the year. Through the 


center of the plate there paſſes a ſtrong ſtem, on 
Vhich the braſs ball O is placed, which repre- 
ſents the ſun; round the ſtem are the different 


ſockets, which carry the arms, by which the 


I dalle repreſenting the planets are ſupported. 


The: planers are ivory balls, having the hemi- 


ſphere Which is next the ſun white, the other 
black, to exhibit their reſpective phaſes to each 
other! The planets may be eaſily Put on or 


8 taken off their ſockets, as occaſion requires. 


About the primary planets are placed the Te: 
condary planets; or moons, which are in this 
Anſtrument only moveable by hand; but when 
: The inſtrument is fitted upon a large ſcale, and 
in a more expenſive form, even theſe are 1 25 in 
motion by the W „ 
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order: in the center is the braſs ball O to re- 
preſent the ſun, then Mercury , Venus 9, 
tte earth @, Mars &, Jupiter A, and Saturn 
H; the Georgium Sidus is not inſerted, becauſe 
it would not only enhance the expence, but it's - 
motion would be ſo flow, as to render it incapable 
of affording either amuſement or inſtruction. 
By turning the handles, the planets move about 
the ſun from weſt to eaſt, with the ſame relative 
velocities and e times that ry r in 
the heavens. e e e eee 
When the bs 85 been gratified by putting 5 
the inſtrument in motion, and making his own: 
obſervations on thoſe motions, it will be proper ; 
to acquaint him with the names of the different 
planets,” and of their diviſion into primary and 
ſecondary, to ſhew- him how they were firſt 
diſtinguiſhed from the fixed ſtars, and how the: 
length of their periodic revolution was diſco- 
vered. Here it will be proper to obſerve; that 
the annual motion of the earth, or the time it 
takes to perform it's period round the ſun, is 
made the baſis to which the others are compared; 
and this is one of the reaſons why. the months, 
and days of our months, are engraved on the 
"circle. Having obſerved this, the planets may | 
be put in motion, and they will be found to re- 
volve round the reproſentitive of the ſun in their 
e Fun Planet always com. 
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% 
* 


pleting it's revolution in the fame ſpace oftiihe; 
in periods regulated and proportioned: to their 


 diftance-fromthe ſun: the curves: which they 
_ deſcribe in- their. aa is what i is . 


theirorbit. Oy 7 + He. 


Or THE Disraxers or THE Praxers.. 818 


7210 1 


When we ncaa form any. 5 of diſ- 
tance, magnitude, or duration, by numbers only, : 
we io ſoon exceed che limits of conception, that 
ve find our faculties of reaſoning as finite as 
our ſenſes. Hence aſtronomers are frequentiy | 


obliged: to have recourſe to mixed ideas, and 
make things of different natures. and properties 
aſſiſt each other, to excite more e eee 
| of what they would have expreſſed. Thus, 


In order to aſſiſt the eee eee 5 


idea of the vaſt diſtances of the planets fromthe! 


fun, the following ſuppofitions have betn made: | 
That if a body projected from the ſun, ſnould 


fly with the ſwiftneſs of acannon ball, that i is, 
480 miles every hour, this body would reach the 


orbit of Mercury in about 8 years, 296 days; 4 

ars, 136 days; of the earth in 2 
years, 226 days; of Mars in 34 years, 170/days;: 
ol Jupiter in 1 years, 234 dayss 25 aneh, 85 


Venus in 46 5 


f Saum in 246 yeats,' 286 days. 


If che reader ſhauld think ll eee 5 
. may contract it in the following man. 


n T 


„ 


— 


# 


5 | dered. 


Suppoſe a globe of this fize to repreſent the ſun, 
5 then a globe of 9 inches will repreſent Mer- 
cury; one of 17 S inches. Venus; one of 18 


i : 


5 
moon; one of 10 inches Mars; one of 15 feet 


broad, and at the fame diſtance from his ow 
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„„ 


ee of, the fun N | planes are con. 


The . oo St, Pavia; is 14 5 ae in e 


inches the earth; one of 5 inches diameter the 


Jupiter; one of 114 Saturn, with his ring 4 feet 


all around. 

In this proportion, N the ſun to be at 
St. Paul's, Mercury might be at the Tower of 
London, Venus at at St. James's palace, the earth 
at Mary-l e- Hone, Jupiter at den ee 
and Saturn: at Fete ; e 


. . „ ws ITY 
2 
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ro exbLAmy py THE PLanzCARtUN; wur TUR 


. en BEING A FIXED: Bovy, APPEARS TO PASS ' 


' THROUGH ALL THE Stoxs or THE ZODIAC IN, 17 
' TWELVE MonTas; oR ons Year. IT: WILL 
en THAT THIS PHENOMENON IS OCCASIONED 


"BY. uE A Marron or THE Eanru. 5 
We 


As the general phanomena of the planctary 


oem will be beſt underſtood by an inducten 15 


iculars, I ſhould adviſe the tutor to re- 
move all the planets but thoſe whoſe motion he 
is Kea to explain; for inſtance, let him now.” 
cave only the earth and ſun, place the en ae FE” 
F e ws 2 That: INE 10 e e ; 
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> . 1 wb eye of 28 ſpectatsr | to Arte, 
in Which ſign it will appear at the latter end of 
March: move the earth of ON ifr it ⸗Lorbittt to Capri- | 
: cornus, and the! fun will appear a at Cancer inJune, 
deeming to have moved from Y to 85, though i It 
"has not Itixred, the real motion of the earth 
having cauſed the f pectaror t to transfer the fun tg 
all the intermediate points 1 in rthe besbens, and 
"thus given it an apparent f motion. Continue tor 
move the cart h till 1 it arrives at Aries, and the 


ſun win be ſeen | in Libra in the month. of Sep- 


tember: x moving the earth © on to Cancer, the 
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| Vit ual. al ray. « of the pectator 1 refers the Tun to C 
pricorn, 3 4 lt appears in the month of December. 
705 Laſtly, cofitinue n moving the cart rth, and i it will 
arrive at. Aries, where we let « out. "Thus v we have 
men that it is the motion of the earth which 
c eauſes the fun to appear in all the different figns 
: Wy ofthe zodiac. "Cuſtom, indeed, has taught us to 
TRE SUN TS IN; ARIES, when it is between us 
1 Aries, and ſo of any other ſign; whereas it 
— kd have been more proper to Tay, chat the 
earth is f in Libra. „ 9 
| . 3 Mew why'ar differ drives of e 
ſte the heavens decorated a OE | 
- i colleftion” of ſtats.” „„ SGH \ - 


"This: Phenomenon is 8 by the earth 
 rogieſſive « or annual motion; while the earth js 


1 Fehn his courſe under The vaſt © Concave of 


WS 


or 2LANETARAING, c. 49 
Ret 1 we are gradually carried under t the 


different conſtellations. From hence , its Evi. 


'dent, that at night when the carth is turned from 
the ſun, we ſhall in ſucceſſion have the oppor- 


tunity of viewing from time to time all the ſtars 


in the zodiac, and conſequently a different con- 
Nellation will preſent itſelf every month; 
Thus, the Pleiades are not viſible in the ſutg- 
mer; but in the winter the earth is got between 
the ſun and them. Theſe ſtars; are obſervablę 


at niht, becauſe they are not intercepted;from 


our ſight by the ſun's rays; and in this manner 
they appear during the whole. winter, only they 
ſeem to get more weſterly, every night, a8, the 
earth moves gradually by them to the caſt. To 


make this ſtill more clear, place the earth in the 


| planetarium between the ſun and any of the ſigns, 


that ſide towards the ſun will be day, and that 
towards the ſign night: it follows, that at night 
we are turned towards the ſtars, which in that 


ſign (ſuppoſe, as before, the Pleiades in Taurus) 
will then be conſpicuous to us; but as the ſpring 
approaches, the earth withdrays itſelf from be- 


tween the ſun and the Pleiades, till at length 


the earth, by i it's s progreſſive motion, gets the ſun 


; between it and the ſtars, which then lie hid be- | 
hindi the ſolar. rays; aſter the ſame manner, while 
| ths, earth performs his annual tract, the ſup, : 
Which, always, ſeems. to move t the contrary. way, 


Garkens, by bis ſplendor, the other conſtellations 
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N ſucceſſively; ; but the ſtars oppoſite to dichte! hid 


| by. the ſun, are at 7 e ro our view. 
1 2 5 


; 


" Ona Pax NA or THE „ 12 85 


Let the tutor now place the earth, Mars, and 


| Vie" on the planetarium, and as each planet 


moves with a different degree of velocity, they 


are continually changing their relative poſitions. 


Thus on turning the handle of the machine, he 
Nos will find, 1ſt, that the earth moves twice as faſt _ 
PE bs Mars, making two rewolutions while he 


makes ont; and Venus, on the other hand, 


moves much kater chan. the earth, See . 


* 


| nets continually cates Heir nne poſirions, | 
! correſponding! ſometimes with the fame point 
of the ecliptic, but much oftener with different : 
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Bo Wer may now bfockes ue ſome ob 
Hons on the motions of Venus; as obſer bt 


| the pls netariüm. If conſidered as viewed from- 
1 the Tun, we ſhall find that Vehus would appear 10 
5 at one time nearer to the earth than at another 
0 that ſometimes The would appear i in the ſame 

3 Part of the | heavens, | ho; at Bones in 12 8 857 5 
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a the planets, when ſeen. from the ſun, 
change their poſition with reſpect to the earth, 
ſo do they alſo, when ſeen from the earth, 


change their poſition with reſpect to the ſun, 


being ſometimes nearer to, at others farther =; 


rom, and at times in conjunction with him. Th 
But the conj junctions of Venus or Mercury, 


ſeen from the earth, not only happen when they 
are ſeen together from the ſun, but alſo when 


they appear to be in oppoſition to the ſolar ſpec- 


tator. To illuſtrate this, bring the earth and | 
Venus to the firſt point of Capricorn; then by 
8 ſtring from the ſun over Venus and 5 


che earth, you will find them to be in e 
tion, or on the ſame point of the ecliptic. 


. $64.74 


48 eee ah you turn the eme till the fun e is 5 


* 4+ © 4a 


in oppoſition. 6 *#he, 20D. but in eee 


In che Firſt poet . is bet yen the 
Gin and. earth; this is balled the inferiar gong 


9 IS, is called fe 
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cart ol 9 0 


11612 168 wg 4 51 2 17 EB. 


cede. c 9 aily from t the Ton, but neyer, 
xarting. beyond certain. bounds, never apy 
-0PPo ire to the ſun; and: when ſhe is ſeen at 
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a the greateſt diſtance from him, a Ef joining | 
ket center with the center of the earth, wilt bad 
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a tangent to t the orbit of Venus 
To illuſtrate this, take off the Gi "IM 10 


* ftipport, and the ball of Vetus from it's ſopporting 
| ſtem; Place the wire, fig. 2, plate XVII. ſ@ 
that the part P may be on the ſtem that ſupports x 


the earth, and a fimilar ſocket, fig. 3, on the pitt | 
which fupports t the ball of venus; ; the wire F-is to 


e ifi a noten at the top of the locker, Which Bas 
Ben put upon the fupporting ſtem of Venbs; 
_ will the be its repreſent a' Viſual ray going 47 

LA from am inhabftant of the eatth to Venus: B 


£9 $14 72; 


'the handle, you will now find that the 


es the fun, tilt it 


UQtibH. r is F3 9 5 aſe: IPL 7 
It will alſo * S . 210 1 ent, | 
hat Venus, from her ſuperior conjutidion, "when 

1e 18 furcheft from the earth, to ine time of Her i 


5 inferlsr coaghnenlon, ken e it eareft” Nu 
later t L 5 
dqkls it were, the forerunner of light and Uuarketefs. 
But ffofn the inferior Cohn 


an tHe in, is feen after fan let, and i, 


ion, till Ane Lefncs 


b lie fiperidt bug, chefs Avis Teen Weſtward of 
the fn, and muſt ends” oven before” him in 
"ki FOE I N 15 Nr i, 1% N ; 3 ae thee | 

ali > <1 — TO 
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LE =, 
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| Jlanet never departs further than certain limits 
ft ein the fun, which are called it's greateſt elon- 
gSitlons, when the wire becomes a tangent to the 
© orbit; after which; it approat 
8 f af thee" the "inferior e or r. ſuperior con. . 
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” the evening, end riſe before him in the morning, 
foretelling that light and day are at hand. 


Bring Venus and the earth to the beginning of 


Aries, ohen they will be in conjunction, and 
turn the handle for nearly 225 days, and as Venus 
moves faſter than the earth, ſhe will be come to 
Aries, and have finiſhed her courle, but will not 
have overtaken the earth, who has moved on in 
the mean time; and Venus muſt go on for ſome 
time, in order to overtake her. Therefore, if 
Venus ſhould be this day i in conjunction w with the 
ſun, i in the inferior part of her orbit, ſhe will not 


come again to the ſame conjunction: till after 1 


year, 7 months, and 12 days. | 

I is alſo plain, by inſpeQion « of the 3 
num, that though Venus does always keep nearly 
at the ſame diſtance from the ſan, yet ſhe i is con- 


tonal 7 TA her diſtance gp the e daa 
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_ Pavers. TD V | 


ws Venus is an 3 1 and Sa | Hite | 
by the light the receives from the ſun, that face 


which is turned towards the ſun will always be 


bright, while the oppoſite one will be in dark- | 
1 nels; Ti conſequently, if the fituation of the earth 


he "le that the of. fide of Venus be turned 
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towards us, ſhe will then be inviſible, except "ths 
appear like a ſpot on the diſk of the ſun. If her 


earth, as it is in her ſuperior conjunction, the 


appears of a circular form, and according to the 


1 poſit tions of the earth and Venus, the 
will have different forms, and appear with 
different phaſes, undergoing the ſame changes of | 
farm as the moon. Theſe different phaſes are 
ſeen very plain i in r this inſtrument, as the fide of 


8 


3 5 0 that i in 1 any 12 1 a line drawn from 
the earth to the planet, will repreſent that Pot ' 
0 her diſk which i is viſible 8 


The irregularities i in the apparent, motions of | 
"he Planets, is a ſubject that this inſtrument will 


dh elucidate; and the pupil will find that they 
are only apparent, taking their riſe from the ſity- 


„ 


viel N I Venus/ and hs: carth ; to . 


"6+ the viſual ray of an obſerver on the earth, it 


will then point out how the motions. of Venus 
appear in t the heavens, and the path ſhe appearz 


to us to d. ſcribe among the fixed ſtars, : 


a Venus be placed near her ſuperior con- 


Junction, and the inſtrument i in motion, the wire 
will mark out the apparent motion of Venus in 


the ecliptic. Thus Venus will appear to move : 
re es the CORE till the wire becomes . 


1 


| OE "0p 


Whole illuminated face is turned towards the { 


| ation and motion n of the obſerver. To illuſtrate | 


os — 
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| tangent to the orbit of Venus, in which fituation 
| ſhe will appear to us to be ſtationary, or not to ad- 
vance at all among the fixed ſtars; a circumſtance 
Which is exceeding vitible and ns fs ms the 
planetarium. l 
Continue turning, till Veit be in bet ſperioe 
conjunction, and you will find by the wire, or 
viſual ray, t that ſhe now appears to move back 
ward in the ecliptic, or from caſt to weſt, till 
ſhe is arrived to that part where the viſual ray 
again becomes a tangent to her orbit. In which 
| poſition, Venus will again appear ſtationary for 
ſome time; after which, ſhe will commence anew 
her direct motion. „„ 
llence, when Venus is in the ſuperior part of 
1 her orbit, ſne is always ſeen to move directly, | 
according to the order of the ſigns; but when 
-- - ſhe is; ih the inferior part, ſhe e to e 
in a contrary direction. . GN 
What has been ſaid concerning them a of 
5 Venus, is applicable to thoſe of Mercury: but 
iy the conjunctions of Mercury with the ſun, as 
well as the times of- his being direct ſtarionary 
i” | 6s retrograde, are = more 1 than thoſe of 
a, Venus. e | 


> DOA N. * 


* 
——_ 
E 


* 


2 Lal FTE * 
4 8 


a * N TE! 
— 1 * 


a, 
_ 
i Z 
ö |. 
4 L% 4 
BE 4 
11's 5 
N 
1241 
1 "ff 5 4 
- ol! » 
4 
#*-£] 
: ; 1 
1 * 
kd . _ 
4 WW 
. 4 
42 *.” i = 
/ 
> * 
1 87 
+ we .. 
q row 11 
* 
k "I 1 98 
P ry 4 7 
3 
f 1 4 
N 7 
5 {XZ p 
2 * 
1 A. 
3 57 
17 
3 
* 4 
4 9 
1 
14 
1 
C 
1 1 
#11 ! 
5 
'F 
| i 
6 1 P 
1 7 
11. 4 
1 7 
5 — 
4 77 
4 1 
1 P 
| / 
* ; 
l = 
» T4 6 
if 4 2 
+} 1 
q * a 
Wo, 
4 * . 
* 
| 74 


& 


Ov THE: up PERIOR: „ Praners, As sBBN 0 | 


105 he tutor wiſhes to ag his ter t wy 
on the . to Mars, he will find by the - 


=. 


206 © DESCRIPTION AND. USE 
_ . Vidual ray, that Mars, when in conjunction, and 


When in oppoſition, will appear in the ſame 
point af the ecliptic, whether it is ſeen from the 


ſun or the earth; and in this ſituation only is it's 
real and apparent place the ſame, becauſe then 


only the ray proceeds as if it came From. the 


center of the univerſe. _ | 
| He will obſerve, that the direct motion of the 
ſuperior Planets 1 is ſwifter the nearer it is to the 
conjunction, and ſlower when it is nearer tg 
a gyadratyre with the ſyn; but that the retrograde 
motion af a ſuperior planet is ſwifter the nearer 


| 8 it is tQ appoſition, and ſlower the nearer. It is to 
quadrature; but at the time of change from 


Mee: to ame it's N ee W 


Ts PROVE BY THE PLaverarIUM THE Tarn 
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Keeps it s place unmoved. This opinion ſeems 


40 be uni verſal, till it is corrected by inſtruction, 
or by philoſophical ſpeculation. Thoſe who | 
have any tincture of education, are not now in ä 


danger of being held by it; but yet they find at 
| firſt a reluctance to believe that there are anti- 


| "br all the, prejudices which philoſophy con- 
5 there i is none ſo general as that the earth 


* 
r „ as 


- 
- > pA, -A_ 


or PLANETARIUMS, &. ep 


every year. They can recolle& the time when 
reaſon ſtruggled withprejudiceupon theſe points. 
and prevailed at ES; but not Wiebe ſome 
effort? . 

The 3 gives . . 
of the motion of the earth about the ſun, by 
ſhewing that it is thus only that the celeſtial 
phænomena can be explained, and making the 
abſurdity of the Ptolemaic ſyſtem evident to the 
ſenſes of young people. For this purpoſe, take 
off the braſs ball which repreſents the ſun, and 
put on the ſmall ivory ball which accompanies 


the inſtrument in it's place, to repreſent. the | 
earth, and place a ſmall braſs ball for the Hons 


on that arm which carries the earth. ._ 
The inſtrument in this ſtate will give an ide 
of the Ptolemaic ſyſtem, with the earth i immove- 
able in tlie center, and the heavenly bodies re- 
volving about in the following order: Mercury, 
Venus, Taz sox, Mars, Jupiter, and Saturn. 
Now in this diſpoſition of the planets, ſeveral 


circumſtances are to be obſerved, that are con- 


trary to the real appearances of the 'celeſtial 


mbtions, aid Which therefore . che falſity 


2g Þ . ER 


of this ſyſtem. 

It will appear from the e on 
this hypotheſis Mercury and Venus could never 
E 80 e 1 earth. 
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becauſe: the orbits of both of them are 83 | 
| between the ſun and the earth; but theſe pla- 


nets are ſeen to go as often behind the ſun as 
before it; we may, therefore, from 1 con- 


clude, that this ſyſtem is erroneous.” 


It is alſo apparent in the 5 Ani. | 


this ſcheme theſe planets might be ſeen in con- 


Junction with, or in oppoſition to the ſun, or at 
any diſtance from it. But this is contrary to 


experience; for they are never feen in oppoſition | 


to the ſun, or on the meridian of London, for 


inſtance, at eg . ever deck from it 
been certain limits. e t4 


e ene Piatentale t alle. Planes 5 


* be at an equal diſtance from the earth, in 


att parts of their orbits, and would therefore 8 


neceſſarily appear always of the ſame magni» 


tude, and an ee equal and uniform ve-⸗ | 


Jocities in one direction; cireumſtances which 
as known t to bens e to. e 8 
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The 8 of the b e ts 
- HE accurately calculated by aſtronomers, and 
publiſhed in almanacles appropriated to the puro 
Pofe, as the nautical almanack, White's ephe. 


meris, &c. 13 ephemeris is a diary or daily - 
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regiſter of the motions and places of the hea- 
venly bodies, ſhewing the ſituation of each 
planet at 12 o'clock each day. Theſe ſituations 
it exhibits both as ſeen from the ſun, or from 
the earth; but as the former or the heliocentric 
is the only one of any uſe for this purpoſe, we 
| ſhall here inſert, and explain, ſo much of that 
part of Mr. White's ephemeris, as will enable 
the pupil to Ow his gr | 
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1 the foregoing table . oy I 795, you 
have the heliocentric places calculated to every 
fix days of the month, which is ſufficiently; accu 

| : rate for general purpoſes. Thus on the 1 gth, 

you have Saturn in 285 117 of Piſces, Jupiter 3 

. of Virgo, Mars i in 5 20 of Libra, the earth. 

280 36'0f Virgo.” | Venus 7*7 of Capricorn, and 

Mercury 4 13' of Virgo, to which places on the 

eeliptic of the planetarium, the ſeveral planets 

are to be ſet, and they will then exhibit their real 


 fituations, both with end to the ſun and the 
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ee ſun, the earth, 293 the moon, are bodies, 
"which, from our connection with them, are ſo 
6 | _ intereſting to us, that it is neceſſary to enter into 
*a minute derall of their reſpective phenomena. 
To render this inftrument : a tellurian, all the Pla- 
nets are firſt to be taken off, the piece of wheel- 
- work AB is to be placed on in their ſtead, in 
| Auch. a manner, that the heel c may fall i — | 
» | © the teethithat are cut upon the edge of thejeclip- = 
5 x uc. The milled nut e eee on, 15 
a to keep the wheel-work firmly. in it's place. It 
j s beſt to place:this wheel-work in ſuch a man- 
„ aer, that the index E. may point to the 21ſt-of 
| June, and then to move the globe, ſo that the 
north pole may be turned towards the ſun. 
The inſtrument will then ſhew, in an ac- 
Lurte | and clear manner, all the phænomena 
og. from the annual and diurnal motion of 
bak ech as the globe i is of 3 inches diame er, 
al the continents, ſeas, kingdorhs, &c. may be 
Adiiſtinciy feen.; the equator, the ecliptic, tropics, 
and other circles, are very viſible, ſo that the 
Problems relative to peculiar places, may be 
latisfactorily 7 ſol ved. The axis of the earth is in- 
clined to the ecliptic i in an angle. of 66 degrees, | 


Ms . it's paralleliſm during th the whole 50 


OE 
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of it's revolution. About the globe there is a 
circle, to repreſent the TERMINATOR, or boun- 

dary between light and darkneſs, dividinguhe 
enlightened from the dark hemiſphere. At 

NO is an hour circle, to GL e 
fun riſing or ſetting. 

The bras index G repre femme a eee 
ray; it ſerves to ſhew when it is noon, or hen 
the ſun ĩs upon the meridian at any given place: 
it alſo ſhews What fign and degree of che eclip O, 

on the globe the ſun deſeribes: on on: 0 Re Hi 
the parallel it deſcribes. 7 
The plane of the dernde H 1 Pas 
through the center of the earth, and is perpen 
dicular to the central ſolar ray. The inder 
points out the ſun's place in 3 
 "infrument for _ ns, oy 1 . © 
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| To explain the PIP of "ſeaſons wy x "the 
| | tellurian. e 


"The firſt thing to be done, i is to o redtify the 
tellurian; ; or in other words, to put the globe 
into a poſition. ſimilar to that of the earth; for 
any given day. Thus to rectify the tellurian for 
the 21ſt of June, turn the handle till the annual 
index comes to the given day; ; then move the 

globe by the-arm KL, ſo that the north pole 
may be turned towards the ſun; and adjuſt the: * 
terminator, ſo. that 3 it may juſt touch the edge of 
dhe arctic circle. The globe is then in thefitua- 
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tion * the earch for the longeſt day in our north- 
_.ernhemiſphere, the annual index Pointing to the 


firſt point of Cancer/and the 21ſt of June; bring . 
the meridian of London to coincide with thecen- 
tral ſolar ray, and move the hour circle N ©, till 


the index L points to XII; we then have the ſitu- 


| ation of London with reſpect to the longeſt day. 
my Now | on gently. turning the handle of the 


e. the point repreſenting. London \ 955 


by the rotation of the earth, be carried away 
towards the eaſt, while the ſun. ſeems to move 
| weſtwatd; and when London has arrived. at the | 
eaſtern part zof the terminator, the index will 


point on the hour circle the time of ſun-ſetting 


for that day; continue to turn on, and London 8 


Will move in the ſhaded part of the earth, on the 
other ſide of the terminator; when the index i is 


again at XII, it is midnight at London; by 


moving on, London will emerge from the weſt- 


Wi fide of the terminator, and the index will | 
int out the time of ſun-riſing, the ſun at that 


"Inſtant: app ring to riſe above the e in 25 
e, to. an inhabirant of London. r 
It will be evident by the inſtrumet hte in 
this Poſition, that the "central ſolar ray, during 
the Whole revolution of the earth on it's axis, 
"only points to the tropic of Cancer; and that the 


ſun i Is. vertical to no other part of the 'carth, bot . 


: "tt a 
$31. £38) SE * IS: 


_ thoſe who are underthis tropic. © 
By obſerving how the terini 
Nn ** of the globe, we ſhall fiad thar all 


8 "Fic FF; y 
| | thoſe 


nator cufs the R. 185 
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thoſe between the northern and Guthern polar 
Circles (exceptthe equator)are divided unequally 
into diurnal. and nocturnal arches, the former 
being greateſt on the north ſide of the equator, 
and the latter on the ſouth ſide „ eee 
In this poſition, the northern polar cirele i is 


wholly on that ſide the terminator which i is near- | 


eſt the Tun, and therefore altogether in the en- 
lightened hemiſphere, and the inhabitants thereof 
enjoy a continual day. In the fame manner, the 
inhabitants of the ſouthern polar circle continue 
in the dark at this time, notwithſtanding the 


i diurnal revolution of the earth; it is the annual | 
motion. only which can relieve them from this 
= ſituation of perpetual, darkneſs, and bring to 


"them the bleſſings « of day, and the enjoyments of 
ſummer; . while in, this ſtate the inhabitants in 


north latitude are neareſt to the central ſolar ray, | 
| and conſequently to the ſun's perpendicular : 


— 


beams, and of courſe: a. greater number of bis 
Tays will fall upon any given place, than at any 
other. time; the ſun's. rays do now alſo paſs 
through, a. leſs quantity, of the atmoſphere, which, 


together with, the length of the day, and the | 
ſhortneſs of the, night, are, the reaſons of the | in. 
creaſe of heat in. furnper, cope we all ir T's | 
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” ' DESCRIBTION AND USE | 
order of the ſigns, as is ſeen by the progreſs 'of 


the anhual index E, which points fucceflively to 


all the ſigns and degrees of the ecli ptic ; the ſun 
in the mean time ſeems to deſcribe the ecliptic 


alſo, going from weſt to eaſt, at the diſtance of 


fix ſigns from the earth; that is, when the earth 
really ſets out from the firſt point of Capricorn, 
the fun ſeems to ſer out from the firſt Jun. of 
Cancer, as is plain from the index. 


But as during the annual revolution of te | 


earth, the axis always remains parallel to itſelf, 
he ſituation of this axis, with reſpect” to the fun, | 


1 mul be continually changing. 
As the earth moves on in the eellptie, che 


northern polar circle gets gradually under the 


terminator, ſo that when the earth is arrived at 
the firſt point of Aries, and the annual index is 

at the firſt point of Libra on the 22d of kg 
Q ber, this circle is divided into two equal parts 
by the terminator, as is alſo every other parallel 


circle, and _ conſequently the diurnal and noc- 
turnal arches are equal; this is called the time of 


equinox, the days and nights are then equal alt 


over the earth, being each of them 12 hours 


long, as will be ſeen by the borary index L. 


The central ſolar ray 8 having * tackeftively - 


pointed to all the parallels that may be ſuppoſed 


ro be between the equator | and the tropic of 


Cancer, is at this period Routes the 
| Inhabitants char le at the equator. CS , 


COLES 


ie cunts 4% . 
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By continuing to turn the handle, the earth 


advances in the ecliptic, and the terminator 


ſhews how the days are continually decreaſing, 
and the diurnal arches ſhortening, till by degrees 
the whole ſpace contained by the northern polar 
circle is on that fide of the terminator which is 
oppoſite to the ſun, which happens when the 
earth is got to the firſt point of Cancer, and the 


annual index is at the firſt point of Capricorn, on 


the 21ſt of December. In this ſtate of the globe, 
the northern polar circle, and all the country 


within that ſpace, have no day at all; whilſt the 
inhabitants that live within the ſouthern polar 


circle, being on that ſide of the terminator which 


is next the ſun, enjoy perpetual day. By this 


and the former ſituation of the earth, the pupil 


Will obſerve that there are nations to whom a 
great portion of the year is darkneſs, who are 
condemned to paſs weeks and months without 


the benign influence of the ſolar rays. The 


central ſolar” ray is now perpendicular to the 


tropic of Capricorn; the length of the days is 
inverſly what it was when the ſun entered Can- 
cer, the days being now at their ſhorteſt, and 
the nights longeſt in the northern hemiſphere. 
the Ss of. each! is 1 out oy, the horary 


The earth pq again ET on till it enters 


Libra and the ſun Aries, we ſhall again have 
_ the phenomena of the equinoctial ſea- 
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ſons. The terminator will divide all the "OY | 
lels into two equal parts; the poles will again 
be in the plane of the terminator, / and conſe- 


| quently as the globe revolves, every place from 2 
pole to pole will deſcribe an equal arch in the A 
enlightened and obſcure hemiſpheres, enter- 2 
ing into and going out of each exactly at ſix 7 
0 o'clock, as ſhewn by the hour inden. b 
As the earth advances, more of the northern | | D 

ES pak circle comes into the illuminated hemi- al 
_ ſphere, and conſequently the days increaſe with 2 
us, while thoſe on the other ſide of the equator M 
decreaſe, till the earth arrives at the firſt point. 5 bf 
of Capricorn, the place from Which we firſt be. 8 
pt gan to make our obſervations. | jig 
: To explain the phenomena, that ke” place « th 
in a parallel, direct, and right ſphere. TE le] 
Thats off the globe and i it's terminator, and put the 


f bay in it's place the globe which accompanies. | 
the inſtrument, and which is furniſned with a + 09 
meridian, horizon, and quadrant of altitude; 


the edge of the horizon is graduated from the | 2 
caſt and weſt, to the north and ſouth points, N 
and within theſe diviſions are the points of the — 
compaſs to the under ſide of this horizon; Ma 
but at 18 degrees from it another circle is 15 
5 affixed, to repreſent the twilight circle; the | PW 


meridian is graduated like the meridian of a 


Lama * the e of altitude is divided | 
TO EO: OS 05 
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into degrees, beginning at the zenith, and firuſh- 
at the horizon. | 
- This globe, if the horizon be differently {et 
+ with reſpect to the ſolar ray, will exhibit the 
various phænomena ariſing from the fituation 
| of the horizon with reſpect to the ſun, either in 
a right, a parallel, or an oblique ſphere; or 
having ſet the horizon to any place, you will ſee 
by the central ſolar ray how long the ſun is 
above or below the horizon of that place, and 
at what point of the compaſs he riſes, his. 
meridian altitude, and many other curious 
particulars, of N we ſhall give a few 


examples. 


Set the horizon to coincide with TRY equator, 
and place the earth in the firſt point of Libra; 
then will the globe be in the poſition of a paral- 
lel ſphere, and of the inhabitants of the poles ac | 
that ſeaſon of the year, which inhabitants are 
T repreſented by the pin at the upper part of the 
quadrant of altitude; the handle being turned 
round gently, the earth will revolve upon it's 
axis, and the ſolar ray will coincide with the 
horizon, without deviating in the leaſt to the 
north or ſouth; ſhewing, that on the 21ſt of 
g March the ſun does not appear to riſe or ſet to 
the terreſtrial poles, but. paſſes round through, 5 
all the points of the compaſs, the plane of ogy | 
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Nov place the horizon, ſo that it may coin- 


cide with the poles, and the pin repreſenting an 


inhabitant be over the equator, the globe in this 


poſition is ſaid to be in that of a right ſphere; 


the equator, and all the parallels o“ latitude, are 


at right angles, or perpendicular to the horizon; 

by turning the handle till the earth has comple- 
ted a year, or one revolution about the ſun, we 
ſhall perceive all the ſolar phænomena as they 


Happen to an inhabitant of the equator, which 
are, 1. That the ſun riſes at fix, and ſets at fix, 
throughout the year, ſo that the days and nights | 
there are perpetually equal. 2. That on the 21ſt 
of March, and 22d of September, the ſun is 


in the zenith, or exactly over the heads of the 
. inhabitants. 3. That one half of the year between 
March and September, the fun is every day full 


north, and the other half between September 
and March, is full ſouth of the equator, his 
— altitude being” 3 never r leſs than 8 - 
deg 


me. 
If the pin ab an inhabitant bet now 


removed out of the equator, and ſet upon any 
place between it and the poles, the horizon will 


not then paſs through either of the poles, nor 


coincide with the equator, but cut it obliquely, 

one half being above, the other half below the 
horizon; the globe in this ſtate is ſaid to be in 
that of an oblique ſphere, of which there are as 

: Wang varieties as there are places between the 


— 


Fe | | Aa 


equator and either pole. But one example will 


be ſufficient; for whatever appearance happens 


to one place, the ſame, as to kind, happens to 
every other place, differing only in degree, as 
the latitudes differ. Bring the pin, therefore, 
over London, then will the horizon repreſent 
the horizon of London, and in one revolution of 


the earth round the ſun, we ſhall have all the 


ſolar appearancesthroughthe four ſeaſons clearly 


exhibited, as they really are in nature; that is, 


the earth ſtanding at the firſt degree of Libra, 
and the ſun then entering into Aries, the meri- 


dian turned to the ſolar ray, and the hour index 


ſet to XII, you will then have the globe ſtanding 
in the ſame poſition towards the ſun, as our 
earth does at noon on the 21ſt of March. If 
the handle be turned round, when the ſolar ray 


comes to the weſtern edge of the horizon, the 


hour index will point VI, which ſhews the time 
of ſun-ſetting; London then paſſes into, and con- 
tinues in darkneſs, till the hour index having 


paſſed over XII hours, comes again to VI, at 
which time the ſolar ray gains the eaſtern edge 


of the horizon, thereby defining the time of 


ſun- riſing; fix hours afterwards the meridian. 
again comes to the ſolar ray, and the hour in- 
dex points to XII, thereby evidently demonſtra- 
ting the equality of the day and night, when the 
| wr is in *he'oquinodtial, 'You may then alſo 
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obſerve, that the ſun Ber due _— 4 FOG. s due 
weſt. E 306 | | 
c Ronan: tomove the nate. you. will AAP 
that the ſolar ray declines from the equator to- 


wards the north, and every day at noon riſes- 


higher upon the graduations of the meridian 
than it did before, continually approaching to 
London, the days at the ſame time growing 
longer and longer, and the ſun riſing and ſet- 


ting more and more towards the north, till the 


.21ſt of June, when the earth gets into the firſt 


degree of Capricorn, and nd the ſun appears in the 
ncer, riſing about 30 minutes paſt 
III in the morning, and ſetting about 20 min. 


tropic of Ca 


paſt VIII in the evening; and after continuing 
about ſeven hours in the nether hemiſphere, 


appears riſing in the norih· eaſt, as beſore· From 


the 21ſt of June to the 22d of September, the 


bee recedes to the ſouth, and the days gradually 
:reaſe to the autumnal Ld han they 


gain become equal. „%% eos, 


During the three See hs: the fun. 
f continues to decline towards the ſouth pole, till 

the 21ſt of December, when the ſun enters the 
tropic of Capricorn, riſing on the ſouth-eaſt 
Point of the compaſs about 20- minutes paſt VIII 


in the morning, and ſetting about 40 minutes 
paſt III in the evening, at the ſouth-weſt point 
0 * horizon. 34 after which, the eee 


- 2 


in 


! 
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in the dark hemiſphere for 17 hours, and then 


appears again in the ſouth-eaſt, as before. From 


this chill ſolſtice the ſun returns towards the 
north, and the days continually increaſe in 
length till the vernal in when all things 
are reſtored in 50 W as at the be- 
ginning. . i 105 00 ir e e ak” 


Thus al 3 varieties 1 . ee the time 


of ſun riſing and ſetting, and at what point of the 
compals ; as alſo the meridian altitude and decli- 

nation every day of the year, and duration of twi- 
light, and to what place the ſun is at any time 

vertical, are + ene * chis globe had 
it's apparatus. enn ia 


Before we ns 85 ee e er e 


ariſing from the motion and poſition of the 
earth, let the globe; with the meridian and hori- 
Zon be removed, and the ivory ball which fits 


upon a one be er n e | 


earth, / ; W [PE I ES, 
_ thee axis of üg E nag kate 


to the plane of the ecliptic, you” will find that the 
ſolar ray continually points to the equator of this 


little ball, and will never deviate to the north or 


ſouth; though by turning the handle, the ball is 
made to complete: a revolution round che fun. 
This ſhews'that the earth in this poſition would 
have the days and nights equal in every part of 

the globe, « all the year long; there would have 

ference 10 nene of * 
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no diſtinction of ſeaſons; an eternal ſummer, or. 
never-ccafing winter, would have been our por= 
tion; an unvaried fameneſs that would have 
limited inquiry, and fatiated curioſity; and that 
he variety of the ſeaſons is owing to it's axis 
being inclined to the plane of it's orbit. 
An explanation of the cauſes of the ane 
| of the ſeafons, ſo naturally introduces the follow- 
ing reflections of Mr. Cowper, in his Winter's 
Walk, that I hope they will not be eee ons 
| n n or his pupil: © £ | 
il! AI 1 13% n KN GEA. . 
to What prodigies can power 3 bene 
More grand than it produces year by ng 
| And all in ſight of inattentive man? | 
Familiar with th' effect we ſlight the N 
ere eee ee Yo 
The! regular return of genial eee ve: ae} Rx - 1 
_ Andrenovation of a faded world. bus. 
| See nought to wonder at. Should Goda again, 
As once | in Gibeon, interrupt tlie race 
Of the unde viating and punctual ſun, 8 
e or! n Wenne ſpa it 
Adin Me; ds Foc We 
His moment hen to fink, and when to u. 
Age aſter age, than to arreſt e eee HE 5 25 8 
All we behold is miracle e , . 
0 duly; ati is miracle n yan... a 44 hol. 4 8 | 
Mhere now . char mov, on 554 
dt TOY, EE, While | 


11 
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While ſummer was, the pure and ſubtle _ 
lymph _ | 

Through th' imperceptible meandring veins 

Of leaf and flower? It ſleeps, and th' icy touch 

Olf unprolific winter has impreſſed 5 

A cold ſtagnation on th inteſtine tide. 3 

But let the months g0 round, a few. mon 

8 months, 8 

And all ſhall be reſtor'd. "Theſe naked Shox, - 

Barren as lances, among which the wind | 

Makes wintry muſic ſighing as it goes, 

Shall put their graceful foliage on again: 

And more aſpiring, and with ampler ſpread,” © 

yn boaſt new ' charths, nn; more than. }they”” 
have loſt. 

TCE 2 

And all this uniform, uncolour'd ſcene 

Shall be diſmantled of it's Oy; load, 

And fluſh into variety again. Fo. 

From dearth to plenty, and from death to ue, 

Is nature's progreſs when ſhe lectures man 

In heavenly truth; evincing, as ſhe makes 


The grand tranſition, that there lives and works | 


A foul in all things, and that ſoul is God. 

The beauties of the wilderneſs are his, 

That make ſo gay the ſolitary place, 
Where no eye ſees them. And the anon re | 
That cultivation glories in, are his. os sf 6þ 


He ſets the bright proceſſion on it's way, | = | 
And marſhals all the order of the year, L 
| 5 1 55 


5 


- —_ - Fa — — _— = 
4 1 2 * * 8 
1 Y — 7 2 = — 
9 18 r ", 3 


e = 


————ͤ—w — — * 


PA? 
wy — — nh bad - hes <a. 2 
a <n_— a -trARRLE 7 A: , Ja SY — 
- : 7 a 
hy _ ISS 


— — — — 


7 4 % * wrong 
— ca — — — m 
— 


LATIN 3 * 3 pl y a 8 "oh % — I 2 » 0 (thy 2 R 
— — = - 2 CH 2 — 


— —— 


©. LC 


>>. IE LETT © 
Serre 2 
> CEELISEESY 


— renin oh 


. I Ins 
” Z - 


„ earn 
5 2 _ r 


E 
6 
1 
1 
L þ 1 
1 
4 5 


Ay 
A . +. >: : 4 £ à 
- - — er oP Irony oo a> > 
— 5 8 
K 2 r 
1 
x 
2 


8 4 „ X 2 
9 * 
K 2 r ay we, _ 1 
. 2 
F 8 — —-—-— — 9 K ; 
— 5 O 8 8 4 LANPES Ny 3382222 


3 K 2 
* * * nee 
4 F e 
. ts wo OY 4 py 


524 DESCRIPTION AND USE 


FFF — + „ 


8 He feeds the ſecret fre 
* which the mighty proceſs | is maintain'd : 
| Whb ſleeps not, is not weary ; in whoſe fight. 
Slow circling” ages are as tranſient days: 5 
Whoſe work is without labour, whoſe deſigns | ; 
No flaw deforms; no difficulty thwarts ; "OE 
And whoſe neficence no change exhauſts. 


e bs 5 13 


05 THE Lovarton,” rie. Ly Prarx in 


Having thus illuſtrated the phenomena, Mo 

8 particularly from the inclination of the 

_ earth s-axis to the plane, of the ecliptic, from. i it's 

| rotation round it's axis, and revolution round the 
un; ve now proceed 20 explain, by this inſtru- 
| ment, the p na of the moon, But in order 


£ - £ ” 


to this, it will be neceſſary t to ſpeak. firſt of the 


_ ans which is put in motion like che pre- 


one, by the tecth on the fixed wheel; it 
ae be placed upon the ſame ſocket as the | 
ped aan by t the flame milled 5 


N Py 


pern and cont 


469 YEE = 


The aa Forge ring. "P . ——— the plane of 
the moon's / orbit, or path, round the earth; ſo 


that the moon in her revolution round the earth 


daes not move parallel to the plane of the ecliptic, 
but on this inclined plane; the. two Points of this N 
plane, that are connected by the braſs s wire, are 


the nodes, ne 1 e is ma rked) N. for. the aſs 
ä cend. 


* 1 


RB 
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cending node, the other V for the deſcending 
node. The moon is therefore ſometimes on the 
dann and ſometimes on the ſouth ſide of the 
ecliptic; which deviations from the ecliptic are 
called her north or ſouth latitude ;/ her greateſt 
deviation, which is when ſhe is at her higheſt 

and loweſt points, called her limits, is 5 deg. 28 
min.; this, with all the other intermediate de- 
grees of latitude, are engraved on this ring, begin- 


ning at the nodes, and numbered both ways from 


them. At each ſide of the nodes, and at about 
18 degrees diſtant from them, we find this 
mark O, and at about 12 degrees this d, to in. 
dicate that when the full moon is got as far from 
the nodes as the mark ), there can be no eclipſe 
of the moon, nor any eclipſe of the ſun; when 
the new moon has paſſed the mark O, theſe points 


are generally termed the limits of eclipſes. The 


nodes of the moon do nat remain fixed at the 
ſame Point of the ecliptic, but have een 
contrary to the order of the ſigna 33 
T V is a ſmall circle parallel to the ind; 

it is divided into 12 ſigns, and each fign into 30 
degrees; chis circle is moveable in it's ſocket, 
and is to be ſet by hand, ſo that the ſame ſign 
may be oppoſite to the ſun, that is marked out 
by the annual index. Theſe ſigns always keep 
| Parallel to themſel ves; as they go round the ſun, 
but _ en W with it's nodes go back- 
: =. AER . 


2 2 * T 
— — — e 


k, "i * — — 
— r . — ea tR - 5-> 
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. wards, ſo that each node recedes through all the 
above ſigns in about 19 years. RS is a circle, 
on which are divided the days of the moon's age; 
XV is an ellipſis, to repreſent the moon's ellip- 
tical orbit, the direct motion of the apogee, or 
| the line of the apſides, with the fituation of the 
elliptical orbit of the moon, and un of the __ 
See 85 Ty cxliptic at __ times. Ee 


2421 


170 RECTIFY. THE | LUNARIUM- . 


In We ths annual index on the large ecliptic, to w 
| the firſt of Capricorn; then turn the plate; with 
the moon's ſigns upon it, until the beginning of 
Capricorn points directly at the ſun; turn the _ 
/ Handle till the annual index comes to the firſt of 15 
January; then find the place of the north node in 
an ephemeris, to which place among the moon's 
guns, ſet the north node of her inclined orbit, 
by tehming it till it is in it's proper place in the 
nee che moon (to che Paneer 
0 Gs 8 * 
G N Pageant, or THE Moos. | | 
| e rectiſied the * Oc: uſe, on 
[ puting it into motion it will be evident, 
n That the moon, by the mechaniſm ofthe 
Infirument; always moves in an orbit inclined to 
chat of the ecliptic; and canſequentiy in an urbit 
nnalogous to that in which che moon moves in 9 
6 | | | 


LY 


5 2. That 


*% 
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That ſhe moves from weſt to eaſt. 
3. That the white or illuminated face of the 
5 moon is always turned towards the ſun. | 
4 That the nodes have a revolution contrary | 
to the order of the ſigns, that i is, from Aries to 
| Piſces; that this revolution is performed i in 
about nineteen years, as in nature. 

5. That the moon's rotation upon her axis is 
effected and completed i in about 274 days; where- 
as it is 291 days from one eee ane the 
r e 09 Ru 
6. That every part of dae tht} is turned to 
che ſun, in the pace of her ans of periodic | 
revolution. 
Io be more particular. on turning the han- 
dle, you will obferve another motion of the 
earth, which fas not yet been ſpoken of, namely, 
it's monthly motion about the common center of 
gravity between the earth and moon; which, 
center 'of gravity is repreſented by the pin'Z. 
Frotm hence we learn, that it is not thi center of 
the tarth which deſcribes what is called the an- 
nual orbit, but the centet᷑ of gravity between — 
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earth and moon, and chat the earth has an irfegus | 


Auer, vermicular, or ſpiral motion about this cen- 
e ſo tfiat it is every Thonith at on time ned: x 


| to, at another "farther kom itte ſun!” "Tr is vis 


| regard dhe erntet ef the cath; Bur Ae 
e as the benter oF her proper aſibis thi 
121 - the 
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liebtened part being then turned from us; but 


4 £ * 22 of 
5. N : I 1 . { I 
moon, you will ſee the u 5 5 
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hs 3 the earth is furtheſt from the ſun at 
ne moon, and neareſt at the full moon; that in 


the quadratures the monthly parallax of the earth. 


is ſo ſenſible, as to require a particular equation 
in aſtronomical tables. Theſe particulars were 
fjrſt applied to the orrery, tink the late ene 


Mr. Benjamin Martin. E moni 25 80d 


n 11 1 A. THE rens“ or rut Moog. 


Py "The moon. n aff}mes dil ferent phaſes ro us, 1. N 
account of her globular figure; 2. on account 
of the motion in her orbit, between the.e: zarth and 
the ſun : for wheneyer, the moon-is. between the 
earth and the ſun, we call it new moon, the en- 


4 * 


Vhen the earth is between the ſun and the moon, 

we then call it ſull moon, the whole of che en- 

Igkiened part being then turned towards, us... 
be phaſes of the moon are clearly exhibited 
. thi inſtrument; 4 for we here ſee that "al 


3 5 \is oppoſite to t the ſun isalways dark, while 


that which i 18 ee the. ſun .18:white, . to epre- 
ſent the illuminated part. Thus when it i is new 


* — „ » 2 2 + 
© $ . ” 
P 2 &- —# , n 4 2 7 
BY „ 


eee gong pF part — 


begin to be ſeen from the earth, which. port 
IO. OE: dopen 1 n the 5th day, 


8 When f 
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chen you will pereeive that half of the light, and 
half of the dark fide, is turned towards the earth, 
thus illuſtrating the appearance of the moon at 
the firſt quarter. From hence the light fide will 
continually ſhew itſelf more and more in a gib- 
bous form, till at the end of fourteen days the 
whole white fide will be turned towards the earth, 
and the dark fide from it, the earth now Randing 


in a line between the ſen and moon; and thus 


the inſtrument explains the oppoſition, or full 
moon. On turning the handle again, ſome of 
the ſhaded part will begin to turn towards the 
earth, and the white fide to turn away from i it, 


decreaſing in a gibbous form till the laſt quarter, 


. when the moon will appear again as a creſcent, 
which ſhe preſerves till ſhe has attained another 


conjunction. ; 


In this lunarium hi moon has ng: the 


fame face or ſide to the earth, as is evident from 
the ſpots delineated on the ſurface of the ivory 
ball, revolving about it's axis in the courſe of 
one revolution round the earth; in conſequence 
=; OE which, the light and dark part of the mgon 
sf appear permanent to us, and the Phaſes ate "Ow 
as they appear in the heavens. ' 
The tutor will be enabled by this do. 
to explain ſotne other circumſtances to his pupil; 
namely, that as the earth turns round it's axis 
once in 24 hours, it muſt in that time exhibit. 
: — _ of it ENTREE: to me inhabitants of the 
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moon, 0e thereſore it's luminous 1 opake 
parts will be ſeen by them i in conſtant rotation. 
As that half of the earth which i is oppoſed to the 
ſun is always dark, the earth will exhibit the 
ſame phaſes to the lunarians that we do to them, - 
only in a contrary order, that when the moon is 
new to us, we ſhall he full to them, and vice verſa. 
But as one hemiſphere only of the moon is ever 
turned towards us, it is only to thoſe that are 
in this hemiſphere who can ſee us; our earth 
will appear to them always in one place, or fixed 
< in the ſame part of the heavens; the lunarians in 
the oppoſite hemiſphere never ſee our earth, nor 
do we ever view that part of the moon which they 
inhabit. The moon's apparent diurnal motion in 


þ the heavens is produced by rhe day revolution : 


of our earth. 

_-Tfwe conſider the moon with 1 to ke 
bun, t the inſtrument ſhews plainly that one half 
ber globe is always enlightened by the ſun; 
2 part of the lunar ball i is turned to the | 

f in the ſpace of her monthly or periodical 
revolution, and that thereſore the length of the 
a and night i in the moon is always the ſame, | 
and equal to 14 J of our day. When the ſun ſets 


t dhe lunarians in that hemiſphere next the 


earth, the terreſtrial moon riſes to them, and 
en can therefore never have any dark night; 
while thoſe in the other hemiſphere can have no 
It by night, but what the ſtars afford. 


- * 
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Or THz PerIODICAL AND SyNoDical MoNnTH. 


The difference between the periodical month, 
in which the moon exactly deſcribes the ecliptic, 
and the Tynodical, or time between any two new 
moons, is here rendered very evident. To ſhew 
this difference, obſerve at any new moon her 
place in the ecliptic, then turn the handle, and 
when the moon has got to the ſame point in the 
ecliptic, you will ſee that the dial ſhews 275 
days, and the moon has finiſhed her periodic 
revolution. But the earth at the ſame time 
having advanced in it's annual path about 27 
degrees of the ecliptic, the moon will not have 
got round in a direct line with the ſun, but will 
require 28 days and 4 hours more, to bring it 
into conjunction Wars the ſun in, . 


, 


Or EclIPSsES OF THE Gra AND Moon. 5 


There is nothing i in aſtronomy more worthy 
of our contemplation, nor any thing more ſub- 
lime in natural knowledge, than rightly to com- 
prehend thoſe ſudden obſcurations” of the 
heavenly bodies, that are termed eclipſes, and 
the accuracy with which they are now foretold. 
One of the chief advantages derived by the 
preſent generation, from the 1 improvement and 
diffufion of philoſophy, is delivery, from un- 
neceſſary terror, and exemption Frogs falſe 
| e The unuſual appearances, whether r 
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' gular or accidental, which once ſpread conſter. 


pation over ages of ignorance, are now the recre. 


7 g 
= ations of inquiſitive ſecurity. The ſun is no 


more lamented when it is eclipſed, than when it 
ſets; and meteors play their corruſcations without | 
_ Prognoſtic or prediction.“ | | 
We have already obſerved, that the ſun i is the 
only real luminary i in the ſolar ſ yſtem, and that 
none of the other planets emit any light but 

what they have received from the ſun; that the 0 
* which is turned towards the ſun is 

illuminated by his rays, while the other fide is 


DIL involved! in darkneſs, and projects a ſhadow, 
; which. ariſes from the luminous body. 


When the ſhadow of the earth falls upon the f 
moon, it cauſes an eclipſe of the moon; when 
the ſhadow of the moon falls upon che earth, i 
cauſes an eclipſe of the ſun, | 

An eclipſe of the moon, therefore, never 'hap- | 


| petts but when the earth's opake body interpoſes 


betv cen the ſun and the moon, that is, at the 
full moon; and an eclipſe of the ſun never hap- | 
pens but when the moon comes in a line be-. 


tween the cam and the ſun, that i Ts at the new 1 


moon. 

From Kult we Pea 0 "Av br @ the; in⸗ 
- Retr. it appears that, the moon 1s once every 
month in conjunction, and once in oppoſition; 
from hence it would appear, that there ought to 
be rug e one of the ſun, the other of the - 
moon, 


a. 


OF PLANETARIUMS, Cee. 3639 
moon, every month; but this is not the caſe, 
and for two reaſons, firſt, becauſe the orbit of 
the moon is inclined in an angle of about 5 de- 


grees to the plane of the ecliptic; and ſecondly, 
becauſe the nodes of this orbit have a progreſſive 


motion, which cauſes them to change their place 
every lunation. Hence it often happens, that 


at the times of oppoſition or conjunction the 
moon has ſo much latitude, or what is the ſame 


thing, is ſo much below or above the plane of 
the ecliptic, that the light of the ſun will in the 


firſt caſe reach the moon, without any obſtacle, | 
and in the other the earth; but as the nodes 


are nat fixed, but run ſucceſſively through all 
the ſigns of the ecliptic, the moon is often, both 
ar the times of conjunction and oppoſition, i in or 


very near the plane of the ecliptic; in theſe 


caſes an eclipſe happens, either of the ſun or 


moon, according to her ſituation. The whole ; 
of this is rendered clear by the lunarium, where . 


the wire projecting from the earth, ſhews when 
the 'modn 1s above, below, or even with the 


earth, at the times of conjunction and oppo- £ 


ſition, and thus when there will be, or not any 
eclipſes. 
\ The diſtance of the moon from the canh 


varies ſenſibly with reſpect to the ſun; it does 


not move in a circular, but in an elliptic. orbit 


round us, the earth being at one of the foci of 
| „ 1 25 _ this. 
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694 DESCRIPTION. AND USE 


this curve. The longer axis of the bins is. 


is not always directed to the fame point of the 
heavens, but has a movement of it's own, which 
is not to be confounded with that of the nodes; 


for the motion of the laſt is contrary to the order 


: : of ſigns, but that of the line of apſides is in the 


ſame direction, and returns to the ſame point in 
the heavens in about nine years. This motion 
is illuſtrated i in the lunarium by means of the 
braſs ellipſis X Y, which is carried round the 
earth in little leſs than nine years: thus ſnewing 
the ſituation of the elliptical orbit of the moon, 


Bl and the place of the apggee in the ecliptic. 


. Thoſe who with to extend the application of 
<0 inſtrument further, may, haye an apparatus 
applied to it for explaining the Jovian and Sa- 
turnian ſ yſtems, illuſtrating the motion of their 
ſatellites, and of the ring of Saturn. But as this 


| application would extend the price of the in- 


moment beyond the reach of moſt purchaſers, I 

have thought it would be unneceſſary to de- 
ſeribe them; the more ſo, as the phznomena- | 
they are intended to explain are accurately and 


85 clearly deſeribed in ſeveral introductory Yorks 


e 5 
| Or 


* „ That point X Es hi ee theis 1 earth; 
is l her PERIGEE; the oppoſite point, in Which ſhe is 
fartheſt off, is called her Aro. Theſe two. points are | 


called her APSIDES,. the * is s the * the ON ; 
the lower apſis. 
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oO THE W n 7 1 


-LunarIuM, REPRESENTED IN PLATE: LN 


It is "unneceſſary to enter into a minute de- 
ee of this inſtrument, as what has been 
| ſaid upon the laſt will apply to this, the differ- 
ence being but ſmall, and that calculated to 
render the inſtrument leſs expenſive. It differs 


from that delineated in plates XVII. and XVIII. | 


in the following particulars: 
1. That the parts do not take off, as in th 


other, for erhibiting the particular phænomena; 
but the whole 1s _ in motion at "on" . 
ma. 1 He hc 4 2 
2. That the part, which anſwers the purpoſe 
of the tellurian, is upon a much ſmaller” ſeale 
= that of plate Toit; 7 


=. 


The lunarium only exhibits the ANG} 


| : POT) of the moon round the earth, the iel 


nation of the nodes, and the phaſes. e = * 


' To leſſen the price ſtil! more, ſome of th 


A 


inſtruments are conſtructed with no ai Rar 


; f 84 Fr * 
| SE TOTS e's a 7 8 1 5 
„ motion to the arch. 3 R 
i ; 3 ' 8 8 
ohen enn onen OL LE 6 206 ONS 
5 W 


Or rns 1 ee 1 


Fig. 1, Prars XIII. Nabs;; 


. 


wh. inftrunien 'repreſehts a planetarium, 2s 5 


| combined, or rather inſerted within aft at 

157 phere.“ The planetariurh exhibits ths e mo- 
lon of th eng. - nol 
NS a Cr et e, round 
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3 4axis, 8 a Seon s motion round Hs ibs 

the ſeaſons, &c. may therefore be explained by 
it the propriety of placing them in a ſphere, is 

too obvious to need explanation; the deſcription 


of the foregoing inſtrument wilt enable the tutor 


Wl uſe this with caſe to himſelf, and ſatisfaction 


\ 


WE. N AND Usk or 1E ARMILLARY 


ET : 5 Fro. I, Prarx XIII. 


5 - Whoever has ſeen a common armillary Se. | 
5 5 1 underſtands how to uſe it, muſt be ſenſible 
chat the machine here referred to, is of a very. 
- different, and much. more advantageous con- 
ſtruction. And whoever has ſeen the curious 
glaſs ſphere, invented by Dr. Long, or the 
Arnet it in his aſtronomy, muſt -know that the 
_ furniture of the terreſtrial globe in this-machine, 


the manner of turning either the earthly globe, 


or the Fircles which ſurround i it, are all copied 
1 the doctor s glaſs ſphere; and that the only 
differ ence is, a parcel of rings inſtead of a glaſs | 


celeſtial globe; andall the additions are, a moon 
e the 1 an a Ta oa Os; the 
. 


The exterior part of this be are 4 com- 
8 1 * ges of braſs rings, which repreſent. the 
. circle of the e viz. s 


| : „ 
SS 0 15 5 * dans $ Les, yer 0% 


Q 


- 


| ſun, moon, and ſtars; and each quarter : of iht 
latter, from the ecliptic to it's poles, Ol Gy 
the latitudes of the ſtars. - Gert 
5 In the north pole of the ee * to 
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equinoctial, which is divided into 360 degrees, | 


(beginning at it's interſection with the eclipti 


in Aries) for ſhewing the ſun's, right aſcenſion 


in degrees; and alſo into 24 hours, for ſhewing 
his right aſcenſion in time. 


fign into 30 degrees, and alſo into the months 
and days of. the year, in ſuch a manner, that the 
degree or point of the ecliptic in which the ſun 


1s, ON any given day, ſtands over that day i in the 


Ccircle.of months. 3. The tropic of Cancer C C. 
4. The arctic circle E, and the antarctic circle E. 
each 23 + degrees from it's reſpective pole at N 

and S. 5. The equinoctial colure & G, paſſing 
through the north and ſouth poles of the heaven 


at N and S, and through the equinoctial points 


Aries and Libra, in the ecliptic. 6. The. ſol- 


ſtitial colure-H H paſſing through the poles of 


the heaven, and through the ſolſtitial points 


Cancer and Capricorn, in the ecliptic. Each 


quarter of the former of theſe colures, is divided 
into go degrees, from the equinoctial to the poles 
of the world, for ſhewing the declination of the 


Which i is fixed one end of a quadrantal wire, and 


10 the other end a 4 wy WA whichin.cortied 


2. The ecliptic 
B B, which is divided into 12 ſigns, and each 
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in the ſouth pole of the ecliptic is a pin at d, oft 
© which'is another quadrantal wire, with a ſmall 
moon Z upon it, which may be moved round by 
hand; but there is a particular contrivance — 
cauſing the moon to move in an orbit which 
croſſes the ecliptie at an angle of 5 4 degrees, in 


two oppoſite points, called the moon's nodes; 


: and alſo for ſhifting theſe points backward in 
| the ecliptic, as the moon's Og hilt in . 


Within Arg e eile tings is a a Frall terreſi in 


1 4 5 lobe J. fixed on an axis K K, which extends 
from the north and ſouth poles of the globe, o 
| thoſe of the celeſtial ſphere at N and S: on his: 
axis is fixed the flat celeſtial meridian L. Which 
may be ſet directly over the meridian of any 
place on the globe, and then turned round with 
_ the globe, ſo as to keep over the ſame meridian 
E upon i it: this flat meridian is graduated' the ſame 
3 as the braſs meridian of a common globe, 
| ifs uſe is much the ſame! To this globe = 
fitted the moveable horizon M M. fo as to turn 
upon two ſtrong wires proceeding from it eaſt 
5 und weſt points to the globe, and entering the 


ofite points of it's equator,” Which is 


3 e braſs ring let into the globe in a : 
l Spor all around it's equator: the globe may gl 


tufned by hand within this ring, ſo as to plac 


_ apy given meridian upon it, directly under . 
Ker miridian'L.' The horizon” is divided 
VVV ; 1 into 


—— 4 F * 
a ** 
. 


an —— AA RA Sen 8 
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into 360 degrees all around it's outermoſt edge, 
within which are the points of the compaſs, for 
ſhewing the amplitude of the ſun and moon, both 
in degrees and points. The celeſfial meridian 
II. paſſes through two notches in the north and 
ſouth points of the horizon, as in a common 
globe; but here, if the globe be turned round, | 
the horizon and meridian turn with it, -At the 
ſouth pole of the ſphere is a circle of 24 hours, 
| fixed to the rings, and on the axis is an index 
| which goes round that circle, if the globe. be. 
turned round it's axis. 
The whole fabric is Pas on cans, feet, 
and may be elevated or depreſſed upon the joint. 
O, to any number of degrees from o to go, by 
, means of the arch P, which is fixed into the 
ſtrong braſs arm 2 and ſlides i in the upright. 
piece R, in which i is a ſcrew at r, to fix it at any 
; proper elevation. In the box T are two wheels. 
(as in Dr. Long's ſphere) and two pinions, whoſe. 
axes come out at a and b; either of which may be 
turned by the milled nuts affixed to them. When 
the nut b is turned, the terreſtrial globe, with 
it's horizon and celeſtial meridian, keep at reſt; 
and the whole ſphere of circles turns round from 
| eaſt, by ſouth, to weſt, carrying the ſun V, and. 
moon Z, round the ſame way, and cauſing them; 
| | to riſe above and ſet below the horizon 3 but 
uben the nut a is turned forward, the ſphere, 
1 RS the ſun and moon, keep at reſt; and. the 
=. | 5 eib, 
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| earth, with it's horizon and meridian, turf 
round from weſt, by ſouth, to eaſt; and bring 
the ſame points of the horizon to the ſun and 
moon, to which theſe bodies came when the 
earth kept at reſt, and they were carried round 
it, ſhewing that they riſe and ſet in the ſame 
points of the horizon, and at the fame times in 
the hour circle,” whether the motion be in the 
earth, or in the heaven. If the earthly globe be 
turned, the hour index goes round it's hour cir- 
cle; but if the ſphere be turned, the hour N 
round below the index. 5 
And ſo, by this conſtruction, the ine is 
equally fitted, to ſhe w either the real motion of 
| the earth, or the apparent motton of the heaven. 
Jo rectify the ſphere for uſe, firſt ſlacken the 
| ſcrew rin the upright ſtem R, and taking hold of 
the arm Q, move it up or down until the given 
: e of latitude for any place be at the ſide of 
the ſtem R, and then the axis of the ſphere will 
1 be properly elevated, ſo as to ſtand parallel to the 
axis of the world, if the machine be ſet north and 
- ſouth by a ſmall compaſs: this done, count the 
_ latitude from the north pole, upon the celeſtial 
meridian L. down towards the north notch of 
- the horizon, and ſet tlie horizon to that latitude; 
ien turn the nut b, until the ſun Y comes to 
the given day of the year in the ecliptic, and the 


ſiun will be at it's proper place for that day: find | 


a aſcenditty" node; an 
33 


c » et hdd AR =, 
of * 


or PLANETARIUMS, & e. 541 


' - alfo the place of the moon, by an ephemeris, 
and ſet them right accordingly. Laſtly, turn the 
nut b until either the ſun comes to the meridian 
L, or until the meridian comes to the ſun, (ac- 
cording as you want the ſphere or earth to move) 
and ſet the hour index to the XII marked noon, 
and the whole machine will be rectified. 

Then turn the nut a, and obſerve when the ſun 
or moon riſes and ſets in the horizon, and the 
hour index will ſhew the times thereof for the 
given day, 
_ Thoſe who underſtand the uſe of the W 
will be at no loſs to work many problems hy 
his 28 5 „„ 
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HERE is no part of mathematical Klence | 
more truly calculated to intereſt and ſur- 


| : prize mankind, than the meaſurement of the 
relative poſitions and diſtances of inacceſſible ob- 
a jects: To determine the diſtance of a ſhip, ſeen 


on a remote ſpot of the unvaried face of the 
; to aſcertain the bright of the clouds and 


8 which float in the inviſible fluid above 
our heads; or to ſhew with certainty the won- 
5 derful dimenſions of the ſun and other bodies in 
5 the heavens, are among the numerous problems 
vhich to the vulgar appear far beyond the reach 
of human art, but are nevertheleſs truly reſolved 
dy the incontrovertible principles of the mathe- 


matics. Theſe principles, ſimple in themſelves, 


and N to 38: underfiogd, . are ted to the 
_ conftruction 
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conſtruction of a variety of inſtruments; and the 5 
following pages contain an account of their uſe. 
in the quadrant and the equatorial. | | 
The poſition of any object, with regard to a 
ſpectator, can be conſidered i in no more than two 
ways; namely, as to it's diſtance, or the length - 
of a line ſuppoſed to be drawn from the eye to the 
object; and as to it's direction, or the ſituation of 
that line with reſpect to any other lines of direc- 
tion: or, in other words, whether it lies to the 
right or left, above or below thoſe lines. The, 


firſt of theſe two modes bears relation to a line 


abſolutely conſidered, and the ſecond to an angle. 
It is evident that the diſtance. can be direQly 
come at by no other means than by meaſuring it, 


or ſucceſſively, applying ſome known meaſure 


along the line in queſtion; and therefore, that in 
many caſes the diſtance cannot be directly found; 
but the poſition of the line, or the angle it forms, 
with ſome other aſſumed line, may be readily 
aſcertained, provided this laſt line do likewiſe | 
terminate in the eye of the ſpectator. Now the 
whole artifice of meaſuring inacceſſible diſtances, 
conſiſts in finding their lengths, from the con- 
ſideration of angles, obſerved about ſome. other 
line, whoſe length can be ſubmitted, to actual 
menluration. How this en an wen 
to ſneww. 
Every one 3 the 5 0 of a A pair . 
| 25 e If the * of this inftrument . 
Ny | vere 
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were \mathematical lines, they vould form an 
angle greater or leſs, in proportion to the ſpace 
the points would have paſſed through in 'their' 
opening. Suppoſe an arc of a circle to be placed | 
in ſuch a manner, as to be paſſed over by theſe 
points, then the angles will be in proportion to 
he parts of the arc paſſed over; and if the whole 
circle be divided into any number of equal parts, 
as for example, 360, the number of theſe com- 
prehended between the points of the compaſſes, 
will denote the magnitude of the angle. This is 
ſufficiently clear; but there is another circum- — 
. which beginners are not often ſufficiently © 
aware of, and which therefore requires to be well 
attended to: it is, that the angle will be neither 
; enlarged nor diminiſhed. by any change in the 
length of the legs, provided their poſition remains 
unaltered; becauſe it is the inclination of the 
legs, and not their diſtance from each, or the _ 
| ſpace between them, which conſtitutes the angle. 
8 kbit if 2 pair of compaſſes, with very long 
legs, were opened to the ſame angle as another 
ſmaller pair, the intervals between their reſpective 
- points would be very different; but the number 
_ of degrees on the circles, "ſuppoſed to be applied 
to each, would be equal, becauſe the degree: 
. Amewlebers on the ſmaller circle would be exactly 
pProportioned to the ſhorrneſs of the legs. This 
property "renders the 'admeaſurement of angles 
9 ey Ry the See of the meaſuring” 2 
5 „ circle | 
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circle may be varied at pleaſure, as convenience 


requires, In practice, however, the magnitude 
a inſtruments is limited on each fide. If they 


be made very large, they are diſſicult to manage, 


and their weight bearing a high proportion to 


their ſtrength, renders them liable to change 
their figure, by bending when their poſition is 


altered; but on the contrary, if they are very 
mall, the errors of conſtruction and graduation 
amount to more conſiderable parts of t 


Lions on che limbs of the gs Fats 
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e cirele being ſuppoſed to be dinided i into } 


369 equal parts, or degrees, it is evident that 90 
degrees, or one-fourth part of a circle. will be 
ſufficient to meaſure all angles formed between a 
ne perpendicular to the hęrizon, and other 


lines which are not directed th points below the 
- level. Fig. 1, pl. XX. is a dra ing of a very ſims, | 
82 and uſeful inſtrument of this kind. ABE 
is a quadrant mounted on an axis and pedeſtal: b 
means of the axis, it may be immediately placed 2 
in any vertical poſition, and tlie pedeſtal. being 
- moveable in the axis of the. Circle E F, ſerves. to TH 
Lax i it in the. direction of any azimuth, or to- 
. any point; « of the compaſs. The limb A B 
98 ided into degrees and halves, numbered . 
rom A ; and upon boi B Cc are 2 two, 
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andi is provided with a dirk glaſs, to defend the 
eye from the ſun's light; and the other fight C 
has a larger hole, furniſhed with croſs wires, and 
ab A ſmaller, which is of uſe to take the ſun's 
altitude by the projection of the bright image of 
that luminary upon the oppoſite ſight. From 
the center C hangs a plumb line C P. The hori- 
_ Zotital cirele F E is divided into four quadrants 
4. Shs Bebe and an arm E, connected with the 
pedeſtal, moves along the limb, and conſequent- 
55 Fa ſhews the poſition of the place of the quadranr, 
as will hereafter be more minutely explained. 
Lach, the ſcrews G, H, I, render it very eaſy to 
7 5 ſet the whole inſtrument ſteadily and accurately in 
2 . Fl it's s proper poſition; notwithſtanding any irregu- 
Mar in Je "DIS" or io it LO. he 7 po | 
The e of this r is very aki 
ard blies. Ir is uſed: to meaſure the angular 


nith or point immediately above our heads, 


5 EO e of any. body, or appearance, eicher from - 


y : $5. * : f £ Pu 5 . 
k 18 ; " Wt. : p ; 8 
8 2 . 8 "3 9 0 | 1 


| 5 or from the hotizon or level. The plumb line 
ol 25 If - continued upwards ' from C, would be 
5 5 5 "ate Fed to the zenith Z; and the line C L, ſup- 
poſed to 1 drawn from the center of the quadrant 5 
1 5 to an object L., will ſorm an angle L. CZ, which 
1 the zenith diſtance, and is equal to the angle | 
.: * P. formed between the oppoſite parts of the 
- ine lines. We ſee, therefore, that the degrees ; 


"on the are, A e on the limb of the 
| quadra ut, 


. — 


* 
* 
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quadrant, between the plumb line and the ex- 
tremities next the eye, meaſure the angle of zenith 
diſtance. _ 

- Again, the line CK (a a 1 90 angle 
with the perpendicular C Z) is level, or hori- 
zontal; the angle L C K muſt therefore be the 


altitude or elevation of L above the horizon; and . 


this laſt angle muſt be equal to the angle mea- 
ſured between the plumb line and the end A 
fartheſt from the eye; becauſe both theſe are 
equal to the quantity which would be left, after 
taking the zenith diſtance from a DE ae or 
the whole quadrant. « 

The determination of the altitude or zenith 
diſtance of an object is not ſufficient to aſcertain 
it's place, becauſe che object may be placed in 
any direction with reſpect to azimuth, or the 
points of the compaſs, without increaſe or dimi- 
nution of it's altitude. Hence it is that an 
horizontal graduated circle is a neceſſary addition 
to a quadrant which is not intended to be always 
uſed i in the ſame plane. The bearing or poſition 
of a an object relative to the cardinal points, toge- 
ther with the altitude, is ſufficient to aſcertain rhe 
Place of any object or phænomenon. . 

After this ſhort account of the general princi- | 
ples of the quadrant, I ſhall proceed to ſhew. 
ſome o of the leading problems reſolved by it . # 


NMm 2 P ROLLEN 
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2 B L E M . . N 
10 Ag the guad rant ſor obſervation. | 


1 he quadrant i is adjuſted for obſervation hen 
it's plane continues perpendicular to the horizon, 
in all poſitions of the line of ſight. For this pur- 
poſe, bring the index to gos on the horizon, and 
turn one or both of the ſerews which are fixed 
oppoſite 605 till the plumh line lightly touches 
the plane of the quadrant. Then turn the index 
to o, and make the ſame adjuſtment, by means 
of the ſcrew at O, and the TOME} is ready for 
obſer vation. 5 

Or otherwiſe, ſet 3 Waker at oe, 25 — 
. the degree marked by the plumb line on the limb: 


7 then turn the index to the other o which i is dia- 


metrically oppoſite, and obſerve the degree 
marked by the plumb line: if it be the ſame as 
| before, | there, will be no occaſion to alter the 
| ſcrews at 69®; but if otherwiſe, one or both of 
thoſe ſcrews moſt be turned, till the plumb line 
inter lects the middle degree (or part) between the 
two... After this operation, the degree marked 
gp by the plumb, line muſt be obſerved, as before, 


5 ſetting the index at both the go?, and the ad- 


juſtment of the plumb line to the middle diſtance 
muſt be made by the ſcrew at 0. taking care not 

to touch the other ſcre ws. 
The latter method 15 ad juſtmenr Pare more 
„ te 
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accurate in x praflice, u be uſed. after the 


e 


PROBLEM If, | 


| To and _ diſtance of an object on withe 1 


I a eater made from two ſtations. on the: 


4 


OBSERVATION 3. 

Chuſe two ſtations, between which the ground 
is level, and place a viſible mark on each. The 
diſtance between them ought not to be leſs than 
the ſeventh er eighth part of the eſtimated 
diſtance of the objects; and neither ſtation ought 
to be conſiderably nearer the object than the 
other. Meaſure the diſtance between the ſta- 


tions, by means of meaſuring poles, a chain, or 


through the hole in one ſight, and moving the 
upright axis about, till the object is ſeen 6 
through the hole in the other, exactly at the in- 5 
terſection of the croſs wires. Obſerve the degrees þ 
and 1 ſhewn by the index on the horizontal 174 
| „ m 3 circle; ; 1h 
PAT I ITE 1 8 2 © 5 7 
* The larger or more expenſive 8 ho appa- | J 4 
ratus for ſetting the axis of motion at right angles to the . 1 1 
planes of the horizontal cixcle and quadrant, the line of ſight 4 F vi 
or collimation parallel to the radius paſſing through go?, 1 
&. &c. In the ſmall inſtruments, deſcribed in the Jens; 1 
5 weſe e are made o the workman, 85 5 | 76 
: 5 
i 450 
[ Ni $11 
8 9 117 
| [ 1 
— — —— : ENS oe 5 


a piece of ſtretched cork. From one ſtation 
direct the quadrant to the object, by looking 
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circle; then direct the quadrant in the ſame 


manner to the mark of the other ſtation, and 


obſerve the degrees and parts'ſhewn by the in- 


dex. The number of degrees and parts inter- 
cepted between this and the former poſition 


4 80 is the di ſtance, berween the ſtations _ 


of the index, is the angle at the firſt ſtation. 
The ſame operations repeated at the ſecond ſta- 
tion, will givethe angle at that ſtation. 


* TIS © Y n 35 80 . U T 1 0 N. 


* 1 


Take the ſum of the two eee angles 


5 from 999, and the remainder will be the angle 


under which . the two ſtation-marks e * 


£ 


ſeen from the object. F 
As the ſine of the angle at the object | 


1s to the fine of the angle at one'ſtati . 


72 5 wo 


"By: the Aken of the erde Word the other 
tien | i 


- BY hee, and all aber proportions, may "Y 


folv d by the logarithms, Fi more e by | 
nc. Sulogr's Trey 5 MES; 3 . 


* * IS 7 4 1 3 A 5 5 


: Solon or THE Prost > BY Proraacrion. 


7 " From: A ſeal of equal parts thy down: a "right 
47 We; to repi 


Prel ent the meaſured baſe. 
By means of the protractor, or 55 the Sch 
bos and line of chords, draw a line from each | 
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„ * 7 S 9 77 e * 8 Lag? n 9 3:7 _EXTTC= 
> ESE 4 7 b, 8 F W * . 4 G1 WES Cop + „ = 1 
- Xs k N 
* 2 . 4 25 FR ; #- a 
7 n ce *> ; 1 $2.08 8 Fan; 17 r 
1 * , SSS N 1 W 5 * „ 
* 8 DN 
* 
75 \ 
% 
* 
* 
* Rar . W 4 


orf THE QUADRANT, oC. 


551 


extremity of the baſe, reſ] pectively forming an- 


gles equal to thoſe actually obſerved. 
Continue theſe lines till they interſect. 
The interval between the point of interſec- 


tion, and one extremity of the baſe, being taken 
between the compaſizs, and applied to the line 


of equal parts, will ſhew the diſtance between 


the object and the Hagen repreſented by that 


extremity. 


This problem may, in caſes of ſmall PH AN: 
be conveniently applied to a baſe line meaſured 
within a room, and the obſervations taken out 


at the windows. 


PROB L E M 


„ 


99 


To find the diſtance of the foot of a rower, by 
bbſervations made on the upper part. 
The ſolution of this problem conſiſts in 


manner as in the foregoing problem. 
diſtance deduced from the horizontal angles 


; will be that of a point in the horizon, immedia- 
tely beneath the part on 5 the obſervations 


3 were 8 


PROB LEM IV. 


; To. Ta the height of a || ſpire, a a mountain, or 


ay 9 elevation. 


M m4 
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making obſervations on the ſummit, in the ſame 
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= 4 'Caſe'1 15 When the diſtance of the ai f. im- 


 mediacely | beneath the ſummit can n"be” mea- 
| tured. | © 


Obferve ihe 1 85 of Atitude with che qua- 


drant, by viewing the fummit through the fights, 


and noting the degrees and parts indicated by the 
interſection of the plumb line. "Meaſure alſo 
the horizontal diſtance. 5 | 
Then, i 
As the coſine of the obſerved . | 
Is to the fine of the obſerved angle; "SI; 
Toi the height required. e 
Or by conſtruction. Draw a TG ling e 
to the meaſured baſe, HER from a 18 of equal 


* + . * 4 Po, C 2 . 1 ? 
Parts. | e 
Ft 1 


Ere@d: 4 e Wan one extremity, 
and from the other draw a line inclined towards 
the perpendicular, and forming an angle with 
te baſe, equal to the obſerved angle. 

30 The interval between the interſection of this 
laſt line, and the perpendicular, and the lower 


eextremity of the perpendicular itſelf, being taken 


in the compaſſes, and applied to the line of 
equal Parts, will ſhew the height required. . 
Caſe 2. When the diſtance of the point im- 
.mediately | Veneach the > gms cannot be mea- 
ſured. ß Wy nf 
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Find the diſtance by prob. iii. and the height 


by caſe 1, of the n t or other- 
3 . : 
- Meaſure a baſe iris directly Lads he 685 | 
ject, and take the altitude from each end of the 


baſe. 


3% ED . 
Add the obſerved Amide getter); | and 


ſubtract the ſum from 180 wee 


Then, 5 


1 As the ſine of this difference | 
Is to the ſine of the leſs. altitude ; 8 8 


* * 8 
; - N 
# 
” 8 
3 111 
1 * 


So is the baſe line 5 
To the direct diſtance between _ ea and 
the nearer end of the baſe line. 
9-104 | 
1 As radius 


: IS. to the Gn ine e of the greater ane: g 


So is the diſtance laſt found 
.To the height required. 


Or by conſtruction. Set off the baſe te: 1 
8 from it's extremities draw lines inclined to the | 


baſei in the reſpective angles obſerved, but i in ſuch 

Aa manner, as that the leſs, angle may be formed 

by the baſe itſelf, and the greatef} by the. N 

8 inne ae e 
Theſe lines will interſect. 


From the PORE oh, incerſe@ion let fall 4 per- = 
1 \pendicular | 
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e lar on the prolongat ion of the 2 and it 
Will give the height required. 
Ihe firſt method of ſolving this Salt. Is in 
general the beſt in practice. It is for the moſt 
part much more eaſy to find a baſe ſufficienily 
long and level between two ſtations, nearly equi- 
diſtant from the eminence, as the firſt requires, 
chan in adirection towards it, becauſe the ground 
uſually riſes irregularly towards mountains. 
And in the latter caſe alſo, if the difference be- 
tween the two altitudes be not very conſiderable, 
te reſult will be rendered erroneous by a very | 
ſmall i inaccuracy of obſervation. | 


EL 


PROBLEM 


To pl a field by a baſe 952 mare in the 
| middle. 


Ie up marks in the corners or 3 and 
meaſure a; line in the field in ſuch a direction, 
as that it may be as far as poſſible from pointing 
15 tows ds any 'of the angles. Direct the ſights 
from one end of the baſe to each of the angles 
3 and alſo to the other extremity of 
the baſe, carefully noting the degrees and parts 
of the horizontal circle, indicated by the index. 
Repeat the like operations at the ther end o f the | 
„„ UaE-: il: 1 5 
Conſtruction. Draw; a roy line upon paper, 

e which ſet off, from a ſcale of _— parts, 

0 ; ” EET the 


OF THE QUADRANT, KM. 5355 


is Aegis baſe. From it's extremities draw 
lines, forming the reſpective angles obſerved. 0 
The interſections of thoſe lines will ſhew the 
corners, or angles, of the field, 8 muſt be join- 
ed by right line. 5 
\ This problem being N more than a de- 5 
termination of the poſition of the angular points . 
with reſpect to the baſe line, by prob. 1, will be 
more accurate in practice, the more nearly the 
1 conditions there expreſſed are adhered to. If a 
._ Hae line cannot be had in view of all the angles, 
and i in a convenient poſition, two or more baſe 
lines may be meaſured, and connected together 
by the obſervation of the requiſite angles; or the 
three ſides of a triangle may be meaſured” in the = 
field, according to the diſcretion of the ingenious __ - il 
learner, and the bearings of the corners of the | | 
field taken from ſuch extremities of any of theſe . 
̃ meaſured lines, a as are 8 adapted to the 8 2 


poſe.» 


— 


ng It fad be . to 9 for the uſe of fuck: AS are 
-unacquainted with ſurveying of land, that the Engliſh acre 
is 4840 ſquare yards, and that land is moſt conveniently 
meaſured by the Gunter's chain of 22 yards in length, di- 
"vided into 100 links; becauſe the ſquare chain, or 22 mul- 
. e by aa, equal to 484, is exattly the tenth part of an 5 
If the plot of a field meaſured in chains and links, 1 
ide > Ge made upon paper, and divided into a num- 
ber of triangles, by drawing right lines within it, the baſe - 
and * of each N may be meaſured from 
the 
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As this method is very far from being labori- 
Side practitioner will do well to meaſure the 


Fa : Held . e a warring rd baſe cn rime. 

* 9 „ | a ; PI IG: FC 

1 „ PROBLEM hs! 1 Ny 

1 2 5 

: To be a feld. "by meaſuring the des and 
angles. : 


5 up. 3 at each of the 2 Fn at 

| every one. 'of theſe. marks direct the quadrant to 

the two adjacent. marks on cach fide. The num- 

| : 2 ber of degrees and Parts, between. the two po- 

. fitions of the index on. the horizontal circle, will 

ſhew the angle. at the ſtation where the obſerva- 

| | tion is is made. Meaſure the diſtance to the next 

; ſtation, and obſerve the angle there | in the ſame 

manner. And thus e completely round 
AG ora es ores eee 

Conſt ag Frs rom the ſcale of e r 

8 draw a line equal to the firſt meaſured tide, 

and from it's extremities draw two lines, for- 


0 ming 9 185 equal t 0 theſe NE: obſerved. - 


N 8 FT | = 3 Og Fed | T3 3: fy b. . _ 5 952 955 5 105 Make 
the ſcale of, qual 1 product wil be the | 

- 1. the. triangle in ſquare chains i the ſum of all the 
Vf. of the triangles will be the area of the feld Which 
i Aided by 10, will ſhew the number of acres; the remain- 
nung decimal fraction multiplied by 4, gives the xoods; and 
- the decimal part, pf: Meh er Lok as 40, gives 
gb 000 KK 
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Make theſe laſt lines equal to the ſides they 
repreſent, and from their extremities draw two 
other lines at e reſ n found 05 obſer⸗ 
vation. 

1 — till the whole field i is . 

When all the angles of a field are thus mea- 
| ſured, their ſum, if the operation has been truly 
made, will be equal to twice as many right an- 
gles, deducting four, as there arc angles in all, 
provided they be all inward angles. But if any 
of them be outward angles, their reſpective ſup- 
plements to 360 muſt be taken in making up 
the ſum inſtead of the angles themſelves, . When | 
the ſum proves either greater or leſs than juſt the 
figure, it will not anſwer on paper; and as obſer- 


| | vations made with ſmall, inſtruments cannot be 


expected to be free from perceptible Errors, it 
will be expedient to correct the angles by adding 
or ſubtracting ſuch defect or exceſs, to or from 
all the angles, in proportion to their magnitude, 
or more wants in equal leans e 
|: ſhame”. 64 17 eie 
| 7 way. of eg is much vid, in 
25 ese by the meaſuring wheel and mariner's 


5 compaſs, and is applicable to extenſive woody a 


or mountainous tracts of land, where great ac- 
curacy is not required. It may alſo be uſed in 
conjunction wi Ithis other SRO jor rs 
# water SCP FEA Mas 1451 REY 
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3 8 81 0 PROBLEM, NE, | 
To indie altitude and height of fire WA and 


other nne in the atmoſphereeeQ. 


Though the extreme velocity and tranſient 

nature of fiery 1 meteors in the atmoſphere in a 
great meaſure prevents the making of ſuch ob- 
| ſervations as might tend to aſcertain - their 
diſtance, ye t they form a ſubject of i inquiry ſo 
curious and intereſting, as renders ſuch as can be 
5 made of great Value. An obſerver, who Per- 
ceives an appearance of this kind, ought care- 
fully to note the buildings, trees, ſtars, &c. near 
which ! it paſſes; and as Toon afterwards as con- 
N venient take their altitude atid bearings If two 
uch obſervations be taken by perſons at dif- 
ferent places, ſufficiently diftant from each other, 
rhe diſtance on the earth may be conſidered as 
ti baſe,” and from this and the two obſerved. 
angles the height of the e er _ be Owen " ; 
problem . eee nts i e 

By obſervations of this kind it has been \ found; 
that the larger fire balls are elevated about 60 
miles above the earth's ſurface; and chat 1 5 
of chem are near five miles! in diameter. 5 


3 3 3 $ eg Toy 1 „ 
9 * 


* 


ft Be ro ii 


To hd the 1 of a cloud; by obſervation = 
125 of a flaſh of lightning. e 


1 the altitude of th; at part of a Lee from 
i * 1 N 
ö „% ne Which 


- 
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which a flaſh of lightning has iſſued, be imme- 
diately taken with the quadrant, and the number 
of ſeconds of time elapſed between the inſtant of 
the flaſh, and the firſt arrival of the thunder be 
reckoned, theſe data will be ſufficient to deter- 


mine the height of the thunder cloud. For 


ſound is admitted to paſs through 1142 feet in 


a ſecond; but light has ſuch an extreme velo- 


city, that it paſſes through thirty-five thouſand 


miles in a ſecond, and may therefore be rec- 


koned inſtantaneous in all obſervations upon the 


carth. Hence it follows, that the number of 7 
ſeconds obſerved, multiplied by 1142, will give | 


the diſtance of the cloud in feet; ANA. EN 
As radius {6 6: | | 
Is to the ſine of the obſerved 3 
So is the leger of the cloud 
Jo it's height. 1 rages 25 


Or by 50 Fenda: a. paine, in any 5 
right line, draw another right line, forming the 


obſerved angle. ; Set off on this left line, from 


the angular point, the diſtance of the cloud, 
taken from a ſcale of equal parts. From the 


extreme of the laſt-mentioned line let fall a per- 


| pendicular on the other line: and this 2 8 8 | 


dicular will be the height required. 


If the flaſh of lightning ſtrike directly down; | 
the height of the cloud will alſo be the length of 


the nas] But this 1 is not often the caſe. 
PROBLEM 
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5 PROBLEM, (IX, 7 

10 determine the height of a cloud; by obſcroa- 
tions on it's altitude and velocity; 

When the ſky abounds with detached clouds, 
moving with conſiderable velocity, it is eaſy to 
determine the degree of ſwiftneſs, by obſerving 
the progreſs of their ſhadows which paſs along 
the ground. For this purpoſe, nothing more is 
neceſſary, than to note the inſtants of time when 
one of theſe ſhadows paſſes over two objects, 
"Hick as hedges, trees, &c. lying in it's direction; 


and to meaſure the interval paſſed over, during f 


the intermediate time. When this velocity is 
thus found, place the plane of the quadrant in 
dhe direction of the wind, and ſetting the ſights 
to a conſiderable altitude, to be written down, 
take notice of ſome remarkable edge of a cloud, 
 whichipaſſes/acroſs the wire in the aperture of 
tha fartheſt ſight, giving notice at the ſame in- 
ſtant to an aſſiſtant to note the time. Then move 


the quadrant on it's axis twenty or thirty de- 


grees, and give the like notice to the aſſiſtant 


ven tlie ſamè part of the cloud paſſes the wire; | 
write dow this laſt altitude. The perpendi- 
cular height of the e _ 15 3 c 0 


e e * TRY 

3 Fel 125 N 1 % Ä: /¼ ̃ / ĩ·⸗ STIL S bn 
* AT One E 8 f * 
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As the number of ſeconds obſerved when the 
"ſhadow of che foriner cloud was ſeen on 

"the ground SY 

15 to the number of ſeconds clipſed between the 
two obſervations with the quadrant; 5 5 

85 is the diſtance meaſured on the ground 

To gras diſtance paſſed through by the cloud 
(whoſe altitude was 1 ene Os time 

=; of obſervation. = 


Then, ; 
As the ſine of the difference between the fire of 


| the two altitudes and 180* 
Is to the fine of the leſs altitude; 
So is the diſtance paſſed over by the cloudy! 


* 


To it's diſtance from the MO. when. the | 


eggs was ep 11s 23k yas) 
"A laſtly; * . 1245 n . n an 
As radius 2 64- Abd * Mini ie e 2 
ls to the ſine of the W altitude; berg 
So is the diſtance laſt found 10 No 


To che perpendicular height of the cloud. 5. al. 


* PROBLEM, X | LOR 


To find hs altitude of the | ſun, pe any, ad 


of 


- celeſtial dody. - det 


1 66 


4; This conſiſts in the ſimple application wy the 
quadrant to a celeſtial body, in the ſame manner 
as has already been ſhewn with regard to terreſ- 
trial objects. The quadrant being rectified or 


adjuſted e g e muſt be in all ones. | 
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previous to it's uſe, the celeſtial body muſt bo · 


viewed through the ſights, and the plumb- line 


will ſhew it's altitude on the graduated. limb of 


the inſtrument. * If: the. obſeryation be made on-. 


the ſun, the dark glaſs muſt be uſed to defend 
the eye, or the luminous ſpot. formed by the 
aller. hole of that ſight which carries the croſs. 
wires, muſt be made to fall on the mark on the 
other ſight which lies imumegicly een the-- 
3 p | 
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7s 83 the line of the place of 8 


When the ſun, or u ſtar, is nearly. on the me 
ian, or a feẽCe minutes before twelve at noon, 
take it's altitude, and repeat this operation at 
ſhort intervals of time, till it is found not to . - 
"IF. but diminiſh. - This. laſt or green! 

de is the meridian alvicade 2s) 16 2:10 ons fs 5! 

In places where the ſun ddes böten ne 
e altitude the meridian air beneath the 


pole. 


Therale for N the ll 8 F'Dy whe me 
math altitude of an object nor FLEA) the . 
1s as pings: „ 
cO- altitude e eee 
eee, thav is, either both north, or both 
e ee W Rar wee if-of- 
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| Gifferent names, their ſum will be the latitude. 
And the latitude will always be of the ſame 
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name with the declination, excepting when the 
_ declination has been ance AS; the co- Noe 
latitude. ; 12 
But when the altitude is beneath thy pole, th 4404 
following i is the rule 5 


3 Add the altitude and the Secs 7 
cher, and the ſum will be the latitude ws the ome 
name e with the declination. | 5 
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PROBLEM . | 
: 


| oY find the. time by equal altitudes of the lun. 
| Obſerve the ſun's altitude! in the morning, and 
alſo the time by! a clock or. watch. Leaye the 
| quadrant 1 in the ſame firuation, taking care that 
ir 8. poſition be not altered by any accident; and 
. "Ml the, afternoon direct ĩt to the ſun, by moving 
the index of the horizontal circle only. Ade 
the dime e when the ſun' 8. altitude correſponds 
With that to which the quadrant was ſet in the 
morning. \ Thex iddle inſtant between the two 
times of obſervation, is the, time of apparent 
8 noqn. Correct; this, by. adding or ſubtracting 
the eguation of time, and it will ſhew-the;time 

12 true noon. If ir be preciſely; XIl. the clock 
is right; but if it differ, che clock is faſter or 
dope, Bk the e e es greater 
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7 juſt the — circle by prob. , r che 
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To draw a meridian line, or to find the cardinal 
points of the compaſs, by equal i "= 
the ſun, or a ſtar. Ii; 


If equal altitudes of the ſun be e as 
directed in the foregoing problem, and tlie pace 
of the index on che horizon circle be carefully 
noted at each time of obſervation, the middle 
degree or part between each, will be the place 
where the index will ſtand, when the ſights of 
the quadrant are directed to the ſouth, or north, 
E according as the ſun is to the ſouthward or 
northward of the Place f obſervation at noon. 
Set the index to this middle | point, and direct 
che ſights of the quadrant to ſome x remote and 
fixed object on the earth. This obj ect will be 
-#$odth/ meridian mark, and will rde to ſet the 
| quadrant at any future time. Then take up the 
bment, and after ſetting the inder to 0, 
: Plack again on the table, or ſupport,” and mov 
u nske tren, hat by Aug bf ws ts; | 
but entire y about upon che tuble, eilt ine 6 | 
are truly Airected to the meridian”! Io 


index will then! ſerve toſhew the trüe bearing of 
| any object; becauſe che diatneter Joining: tlie 

7 Zeros or 00's; anſwers'to the meridian 15 55 
If the table, or ſupport, be imimoveable, it 
| wil boproper to make chreẽ marks, or indenta- 
Es tions, | 


OF THE QUADRANT, & c. 566 


tions, to receive the points of the ſcrews; by 1 


which means the horizontal circle may be in-, 
ſtantly, at any time, ſet in it's proper poſition, 
with . d to me WEI On the ho- 
rizon. | 

e of pale alticuds are, 3 


ſpeaking; better, the greater the interval is be- 


tween them; not exceeding 12 hours; and theſe 
obſervations on the ſun require ſome correction, 
on account of the change of it's declination 
during the time of obſervation. The young 
aſtronomer with ſmall inſtruments may, how- 
ever, neglect this; and indeed it is of little con- 


ſequence about the ſolſtices, when the ſun's 1 
clination changes very ſlowly. 215 
It often happens that there is not any Anden 
in a houſe, from which the ſun can be ſeen 

| morning and evening. 'In this caſe, the meri- 
dian” may be determined by obſervations of 
| 2 NO alan pole ſtar" or hows enen 
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To find the time by the ſun” S. tranſit, over the 


meridian. | 
— the quadrant to the cardinal coins by 


the laſt problem, a ſhort time before noon. Set 
the index to o, and elevate the quadrant, ſo that 


the ſhadow of the ſight with the croſs wires may 
| al "OY the other. As the inſtant of apparent 
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noon approaches, the bright ſpot formed ne 
ſun's light through the lower hole in the former. 
ſight, will be ſeen approaching the mark on the 
latter. If the obſerver chuſes to look at the 
ſun, he muſt now put up the dark glaſs, and 
apply to the obfervationd. The inſfants when 
the firſt limb or edge af the fun appears to tauch 
the perpendicular wire, and alſo hen the lat- 


ter limb appears to leave it, muſt be noted by, 


the bright ſpot only, che inſtant hen the ſpot 


is ſeen upon the mark is the apparent noon. 


And this oatrocted by: the equation of:time,. a 
2 in prob. ee 58 San tha... 


clock ãs faſt ar ſtow. eaten 0 31 


L 


KN n Hui 507 908 00H 47 (07, A Oh | 


Cry, 25 2 1 0 B 1 NP wk n #44: n 
Tach d the time by.an obſervation of fon, 
9 _ 44+ . Altitude. and. azimuth. 8 234 


RY the inſtrument to the tt points; 3 


and obſerve the ſun's altitude. Take notice 
epa of the angle of azimuth from the meri- 


dian, as ſheun n inder n 5 7 ART 


= Then et | 
As the en complemene of che ans dech 
tion n e ood Totes ent tat ds, 
Is to the. ane e of the atindes, 547 
805 is the ſine of the azaimutn tar} 
; ee ee rſt. wel. jo Met - 
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"Which laſt being reduced into time} by allow- 


ing fifteeh degroes to one hour, and in propor- 
other parts, gives the apparent time, 


tion for t 
if aſterndon; but if eee muſt be de- 


ducted from 12 hours, to give the time- Thies 


apparent time: muſt be CY ho! cp 
n as in problem i.. 8 


+ EY | r 


Ox. ru EquATORIAL,c OR UNIVERSAL un Sux-Diaty 


1 AND IT's Uszs.; PIO 
34H +: 2 1 


The W or direction in ae gra- 


vity acts, being the only linie we can at all times 


have immediate recourſe to, for determining the 
., poſitions of objects, is the chief particular to 


which the circles in the inſtrument laſt deſcribetf 
are adapted: and accordingly their planes are 


placed the one paraHel, and the other per 
_ cularito*that line. But as there are few plates 


on the earth whoſe vertical or horizontal circlexn 
correſpond with thoſe in which the celeſtiah 
motions/ are.performed;-it was found neceſſary, 
at a very early. period, to conſtruct inſtruments; 
adapted not only to the meaſurement of altitudes 

bodies in their reſpective paths, and determine 


immediately than can be done by the. quadrant! | 
and horizontal -cirde;  Fheequatorial is the 
moſt approved modern nent for his pur- J 
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8 ESRI TOR AND US3 
L0ff Ir conſiſts of the following baus W. 


Dre _— horizontal circle E. F; plate XX, fig. 2, 
| divided, like that of the former inſtrument, into 


four quadrants, of 90 each. But inſtead of a 


m moveable index there i 4s A fixed nonius Plate at 
N. 2nd; dene itſelf may be turned on it's 
axis. EY ot is e 45% "44 6 It tore fit zi 1 13 


In the center of the horizontal circle is fixed 


e ſtrong upright Pillar, which ſupports the cen- 


ter of a vertical Tet icircle* A B, divided into 


: two, reno nigh" os Tc 


the qui or ſr 55 * is is 
more extenſively; uſeful, becauſe. one quadrant 


ſerves to meaſure; altitudes, and the other de- 
Preſſions. It Has no plumbe line, but a nonius 
"Pleat K 15110 941 bas Hlſkreq ano of; bY ety, 
At Tight angles to che pine of tliis @micirle, 
18 equatorial circle MN is firmly fixed. It re- 


preſents the equatbr, and ia divided i into twice 
twelve hours, every Hour: being divided" into 


| twelve parts, of ive minutes aon 
Upon the equatorial cirole eee 


cle, with a chamſered edge, carrying a nonius, 
by which the divifions on the ęquatorial may be 


read off. to fingle minutes; andi at riglit angles 
to this movcable circle, is fixed the ſemicircle: 


: of declination D. divided into two quadrants of 
goReacht! 70! nt on b s fleet 


The piece which carries the fights O Ni 


1 | A M7 fixed 


Wh bubble remains in - the middle, as: before, the 


fixed to an index moveable on the ſemicircle of 
declination, and carrying a nonius at Q, The 
fight O, to which the eye is to be applied, has 
two ſmall holes, and a dark glaſs for covering 
either occaſionally; and the tight: P has two. 
pieces ſcrewed on, the lower- having a mall 
| hole to admit the ſolar ray, and the W : 
two creo wires;©7f 67 r seln cont ar 
- Laſtly, there are fo PR ae fixed on the 
horizontal circle at right angles to each other. 
The following arè among the many problems 
which may be ſolved with en facility by 
means 9090 this-uſeful tiene iti RES 5 
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4 10 Fe juſt the equatorial for. erer XY 

05 Ser the inſtrument en-a-firm ſupport. Firſt; | 
to adjuſt the levels, :and/the;horizontal:or' azi-* 
muth circle. Turn the horizontal circle; till the 
beginning O of the diviſions coineides with the 
middle ſtroke of the nonius, or near it. In this 
ſnuation, one of the levels will be found to lie 
either in à right line joining the two feet ſcrews 

which are neareſt the nonius, or elſe parallel to 
ſuch à right line. By means of the two laſt- 
mentibned ſcrews, cauſe the bubble in the level 
to become ſtationary in the middle of the: glaſs; 
then turn the horizontal circle half reund by 
bringing the other O to che nonius; and if the 
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STO 'DESCRIPTION ANDIUSE - 


Poſition of the. level, : hy turning one or both of 


the ſcrews which paſs through it's ends; ( by 
means ofa turn- ſcrewi) till the bubble has moved 
Ralf the diſtance it ought. to: come to reach the 


middle: and cauſc:it to mave the other half, by, 
rurning the foot ſcrews already mentioned. Re- 


aurn the horizontal circle to it's, firſt poſition, 
and if che adjuſtments have boen well made. the 
Dubble will remain in the middle; if otherwiſe, 
the proceſs af altering the level and the ſoot- 
Ferews, with the reverſing, muſt be repeated. til! 
It bears this proof of it's accuracy. Fhen turn 
he Horizontal circle till 90 ſtands oppoſite to 
ke nonius; and by the foot: ſcrew, immediately 

vppoſite dhe other 90, (without · touching the 
others) canſe the bubble of the ſame levei to 
ſttand in the middle of the glaſs. Laſtly, by it's 

ptuper:ſu eus ſet abe other level (not pit 5 

aded to) ſo chat ann ee thei. 
le of it 's:glaſs. FFCf ! aftv4 N. 5 
Secondly; to:adjuft aeline bf fight. Set the 
nonzuson the declination ſemicircle at O:; the 
nonius on the horary circle at VL and the nonius 
on che ſemicirole af altitude at 90% Look 


throughthe ſights td wards ſome part of the h 


zon, where there is a diverſity a: Fi 
Level the horizontal cirale, and then obhſerve 
"OR a onc the center of the croſs 


” bat. NC : 9 7 chat 8 


1 che: af i altizuds;j fe! © 


or rA QUADRANT, Ge. 37¹ 


that the other 90 may apply to the nonius: | 
taking care, at the ſame. time, that the other 
three nonĩuſes continue at abe ſamę parts of theie, 5 
reſpective graduations as ore. If the remote 
object continues to be — on the center of the. 
croſs wires, the line of fight. is truly adjuſted: 
but if not unſcrew the two ſcrews We — 

the frame of the croſs wires, and move the frame. 

till the interſection appears to lie p na ne ob 
half way between-the. ohject firſt . 
that 0 which the wires are applied in the. 


it's original poſition : it ion of the. 
Vires be chen found tp be on Probject to which 
they were laſt direct, the line of "ſight j is 
<huſted, but if got the frame muſt be again ale 
tered as before; and the lame general operation 
muſt be repeated, till the n both 
Poſitions, *pply.to the fame object. 1 
Beſide es this adjuſtment of the center of inter inter=, 
u, Ig is neceflary,. that one of the yy res 
aud the in the plane of the declination. OY 
4 une other, . right, angles 29 thay 
| ane 2 As) the "wires are fixed at right angles 
ig each othery che adjuſtment ofone of them th 
de ſucßeient. Far chis purpoſe, obſerve. any 
ſmall object on one of che wires : if ib be. 


. neee or it the other, m. moye the laſt 
7827 Meng 3 a ae . 
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| xiaeirde/!? In either caſe the object will coin- 


cide 'with the! wire during it's motion, if the 
ion be right; if not, alter that Poſition, 


taking care not to diſplaco the center from it's 


ji oſtment!! 111 0 1 ann r 
Fo'adjuſt the piece which carries 900 hole for 5 
Biking: the ſolar "ſport; direct the ſights to the 
fun, Yo? hat the center of the luminous circle 
formed dy he aperture which carries the croſs 
wites, may fill preciſely on cke upper ſight hole. 
Thien move the frame, withthe' ſail perfora- 


tion; Lerche for per falls cr on the lower: 


ae dene ii FAT i : goititog Ti; 10 


Thirdly, tö find che Hh Hi api = 


= obſervations by the- ſeliiicircle of altitude. 
Sek the nonius ont the: deckiflation ſemicircle 
10 05 and che e on the horary circle to 
XII. Ditect tue fights: to any fixed and diſtinct 


odject, by moving the horizontal circle and 


ſemleirele of altitude, and nothing elſe. Note 
me atgtes and minute of altitude or depre Hon. 


Reverſe th declination ſemicircle, by directing 
the nohius off che Hbriry eircte to the oppoſite 


N Direct the "fights again to the ſame object, 
by Wo the horizontal eirele and ſemicirele 
cf lltitüder efore. If it's altituds; or egreſs 
BR be che fare u, was obſerved iir the diber 
Fe de eden em be required but if 
eher Half the difference of the two ages 
eee be ded 8 n fervatiens 


y * 
0 — £{ lai a 3. — ij 
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or rectifications made with that quadrant, or 
half of the ſemicircle, which ſhew the leaſt 


18 angle or to be ſubtracted from all obſervatibns 


or Tectifications: E with the ww on 
orhalf. i ien THR 
When che levels and —— eee 
ſet, they will preſerve their adjuſtment a long 
time, if not deranged by violence: and che core 
rection to be applied to the nen of Kerr 
is a en eee ee 20 
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To meakite enge either of meh  atirds 
- 1 or depreſſion. in Track I 


Set the middle mark of the 1 nonius on the de. 


clination at O, and fix it by means of fthe milled 


: ſerew behind. Set the horary circle at XII on 
the equator, and the inſtrument ( previouſly ad- 


juſted) is ready for obſervation: 3; "Then if the 5 
ſights be directed ſucceſſiyely to any t ob ects, 


the degrees and | minutes contained between the 
two poſi itions of the nonius, on the limb of the 
horizontal circle, will ew the horizontal angle 


n the lame manner a as, has been deſcribed at 
prob. ii. ofthe quadrant. And like kew wiſe, = 


ſights Bo: directed to any object N. 72 "moving the 
horizontal e circ le add 7 1 e tit tutle, 


wt 
4 1 8 and minute "marked by . f e Hon 50 


1 55 aſt⸗ mentioned feinieirele Aude fe ang 
= of altitude, bis I! bt Part th | 


en | the 
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ie eye or of e, if on che remorer qua 

ſtraat⸗ 11 AG! ESI 1 YH 2] Te 2 1 

% Remark; Wa in this plates 16 Sage 

he nature and uſe of the admirable contrivanee 

Commonly called a nonius. It depends: on the 
ce, that if any line be divided 


into equal parts; the length of each part will be 


greater; the fewer the diviſions ; and contrari- 
wiſe, it will be leſs in proportion as thoſe divi- 
ſions are more numerous. Thus it may be ob- 
ferved, that the diſtance between the two ex- 
treme ſtrokes on the nonins; in the equatorial 
before us, is exactly. equal to 11, degrees on the 
limb, but that it is divided into 12 equal parts. 


Each of theſe laſt parts w ill therefore be ſhorter 


* Tor er 79 _ FI TROY 5 5 * Mg 


| a the degree i in + the proportion of 11 to I2; 


A ſhorter. © Canfequently, it the middle 


ſtroke be ſet preciſely. oppolite | to any degree, 
. rk tions of 155 ME and the limb 


boy A on he nomie, Ein 155 1 to coin- 

10 . be neareſt ſtroke of a degree; and ſo 

Me oe Fen "trokes on the yoni lf 
x change of 10 minutes; 95 th 


re 137 


> forth. 0 Sire wants 
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5 1 will coincide in ſupceſlion: ib w_— 
ſtrokes on the limbs  - 
It is. clear from this, What i 3 | 

. de ſtroke of the nonius does not ſtand prciſelx 
oppoſite to any degree, the. odd; minutes, os 
_ diſtance between it and the. degree; ae ; 

preceding, may;be-known by the number of ths 
ſtroke on the nonius, whiek coincides with any 
of the ſtrokes on the. limb. It muſt. beobſerved, 
kowever,., that as the degrees in ſeveral, qua 
dfants! are reckoned in oppoſite:directions, ſe 
likewiſe the nonius has two ſets of numbers 3. 
for the uſe of vhich, it need only be ramem 

bered, that. they always begin from the middle 

and go to 30 minutes, and thence from the op- 
hoſite 30 minutes in the ſame direction to the 
middle; and that they muſt always be rec konec 
in: the oppoſite W to a 8 8 on the: 


rn i * * "I £7 1 5 > 8 
- * 8 . xk # 5 : . * : 2 4 3 1 


(1942 et lt 2 Xvirtz 
Ts matte diſtance of an object aaeenen by 
42 8 obſervations made at two ſtations. : 

hie may be done by meaſüring a baſe line anc : 


= the horizpneal e POE directed. | 
e 
A Fi 


in win, they ud be 9 ik e din 
rection; but when the nonius plate has it's divifions fewer- 


, 7 than the number of parts on the limb to which it is equal, 


veycoincide ſueceſſively iu ils ſame en eee the- 
— the index,- | | 


4 


/ 


A 


— — — EO — * - — 
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nut problem ii. But as the equatorial meaſures 


angles of depreſſion, as well as elevation, che 


ſtations may not only be on the ſame level, but 


may be vertically the one above the other. For 
example, if the altitude of any object be taken 
from k lower window of any building, and it's 


depreſſiion from a window immediately above; 


and the diftance of the two we rd the wen 


F 


ment be ee d wanna G71 eee 
Then, 12 Ek. 4 TI Pe 


D As Sees bas Gm eee of altitude 


and depreſſion, (or of the difference, if 
boch be altitude, or both depreſſion)') '- 
Is to the fine of the angle at the eee _ 


30 is the diſtance bet between tlie ſtationg 


To the ditenee of the bhject dom he: lower 


44 e + 
ation. a irt POO FEY n bite 
A 24 fl ff in of 0 
e fi HO 2392 9 242 8 81 ir "a n 
J "LE EM | 
Wy y Nin 


: | C To meaſure heights and diſtances. 
As the ſemicircle of altitude anſwers every 


Fl rec: f: the quadrant, in the inſtrument bes 


eſcribed, and the horizontal cirele is com- 


2 both, it will be eaſy for the e 


er to Perform the problems 1 lil. iv. vii. pak, 
and ix y the equatorial, from the inſtructions 


| given 7 each reſpectively. 


«14 Stdogꝗo PROFLE N . FP ain 81 * 


2 eſtoftt. ib 12 4 . if 4108 3 31 oa 2 LY 11851 


15 
+ WES 7 TRIES To plot a piece of land. iin 8 "5 


The problems v. and. vi. un all othen 
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which are Tolved by the menſuration of hori- 
rontal angles, may likewiſe be nen wth 


de eg d g 77 <H3.-153 To 


*3 


| PROBLEMS XI. xxII. XXIII. and XXIV. 


| Under this title it may be obſerved, that the 

problems xi. xii. xiii. xiv. and xv. for finding 
the latitude, the time by equal altitudes, the po 
ſttion of the cardinal points, and the time by the 

fan's tranſit over the meridian, or by it's alti= 
tude and azimuth, may be performed with equal 
eaſe, and greater accuracy, by the horizontal 
Circle and ſemicircle of altitude, in the inſtru- 
ment before us, as by the quadrant treated Wy 

under thoſe problems. i 

I ſhall now proceed to ſome of the problems, 

to which the equatorial is more " peculiarly. 


adapted. 5 


* 


4 - * 
„ 
> a 


PROBLEM, XXV. 3 


To find the latitude of place, the fun's deelts. 
| nation being known. 1% BUS 


Place the a equatorial, a ſhort time b 
8 noon, in ſuch a poſition, that the planes „ 

| the ſemicircles of altitude and declination may 
be as near the meridian as eſtimation will allow; 
and let the fight which carries the crofs wires be 
turned to the point of the compals, (e either north 


or fouth) t to which che ſun win come at Hoon. 
—_ „ Set 
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Set the Anden ade e c en i to 
ehe degree ànd minute of the fun's declination, 
either to the north or ſouth ſide of O, as the 
caſe may be. Then by means of the horizontal 


_ ing. the declination. ſemicircle, cauſe the ſolar 

pot to fall on the mark in the oppoſite ſight, 
Lor obſerye the ſum itſelf by the croſs wires). 
: Keep the ſights in this manner directed to the 
fun, till his, altitude begins to diminiſh, The 
gegree and minute on the ſemicircle of altitude 
| . corlatitude, and the latitude will be north, 
Ee 


it that degree and minute be upon thenorthern- 


Wat quadrants, but if otherwiſe, ſouth. , — 


VVVVß•S PROBLEM, e l e 


5 one - obſervation « of the ſun; when i It 8 declina- 


* 


. 


d |akitude. of the ſun :hould; alter quickly ; 
and khis is, generally ſpeaking, the caſe, more 
| emp ently, the. farther that hupinary. Is from the 
3 mexidian. Therefore, 2 

* 12 the\c diſtance, of ſeveral, aa 1 beforg 


the la-mentioned, ſemicircle. in ihe merigian, 
4 . by ee it's 9 8 ; directed: cowards the 


{ a 


ee e RAI 91 cor, 5 ng | 


circle and ſemicircle of altitude, without touch- 


10 find the meridian, line, and the time, from 


tion and the latitude of the place are known. 
| This probleni requires that both the azimuth 


ar, after goon, a adjuſt t. the horizontal circle; ſet | 
—_ ſemieircle of altitude, ſo that it? s nonius 


Mau. ſtand at the. co-latitude; lay the Plane of 8 
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depreſſed pole; place the nonius of the declina- 
oof ſemicircle to the declination, whether north 
or; ſouth. Then direct the line of ſight towards 


"the ſun, partly by moving the declination ſemi- 


circle on the axis of the equaterial circle, and 


partly by moving the horizontal circle on it's 


owl axis, There is but one poſition: of theſe 
Which will admit of the ſolar ſpot falling directly 
on the mark on the oppoſite ſight. When this 
'pofition” is 6btained, the nonius on the equato- 
rial, or horary circle; ſthews the apparent time, 
and the cirele of altitude is in the plane of the 
. rheridian. 85 Biel 
5 „ 80 1 1 1 u XXVII. 
re Kd wel time, Wien the latitude, the fun” 8 
ee and the mer idian are KhOWñ. 
he meridian. being found by equal aſtitudes 
of the ſun, ora ſtar, which i is the beſt method, 
: NE ſettled by a a meridian mark, or by indenta- 
Ain, tb ſer the ſerews In, T Prob. xiii:) place 
the equatorial accordingly, and adjuft it by the 
levels. Set the ſemicircle of altitude to the lati- 
tude of the place, and the index of the line of 
ſight, to the declination of the ſun. Turn chis 


* ſemicircle; till the ſights are accurately 
directed to the ſun. The nonius will thew the 


time on the horary circle... 5 . 
This problem 45 more accurate than the ine 
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To find the meridian, line, when FI time, the 
_ Gay 8 dectination, and the] Kreer of t the PR : 
15 are known. . 5 


75 2 ie 5 


Acht the 1 Ser che Sdn 5 ; 
Aide: ta the latitude, and the nonius of the 
declination femicircle- to the declination : and 
ſet the nonius of the horary circle to the ap- 
parent time Turm che horiaontab circle till 
the ſights are directed to the ſup... The ſami- 
circle of akitude beine beser : 


A 


Sa To 


than. the Ke of. equal akitudes, e is 
r enqugh to, the! ee [nat kN 


8 pon, the. over oops $1 ile he the 
eee it $; tn ſt the-quckelts „ $7307 
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To e Antal fans . 
tiallohg ect, when the latitude of the plade, and 
as #2 e ee arc known. 5 lit, 
= _Recify, the inftrunitht or the latitude, in 
me foregoing problem; and plice the eemiclrele 5 
or Atitade f in t 1e "me exichah, "Fin 1 the 
25 SHR 
348047. - Y . 280 DS "Lights 
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SERPs, 


Gghts to the object, partly by moving thedecli- 
nation ſemicircle on the axis of the equatorial 


Circle, and 


then 8 505 ee 


4 A 1 


PROBLEM ALL. 


759 find che right aſcenſion of any olefin ole: 
jc, when the . the latitude, and the po- 


ſition of, the menidian, are known. | 


Perform the operations directed in profa. 
Rix. n the d ſo that we vertical wire. 


„„ 


or | folas ame wow it are pat wire. | The 
ſhorteſt interval between the time of obſervation | 
and the time marked on the equatorial circle, 
by the nonius, is the difference | between the 
times of each luminary coming to the window. 
If the ſtars precede. the ſun, this difference 
ſk be ſubtracted from, or if otherwiſe, added 
to the ſun's right aſcenſion j and the difference, 
or ſum, will be the ſtar's right aſcenſion, pro- 


Vided it do not exceed '24 SUS: i is, e the 


_ excels is the right aſcenſion; . 
If the ſun's right doe, Gould Ne xp 
amal to admit of taking the difference from i it, 


it maſt itſelf be taken from the difference; and 
the ſupplement of the remainder to 74H e 


bs * fine” s fight aſcenſion, -_ 
. 5 G 


0 
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irtiy by moving the nonius of 
the ſemicircle laſt- mentioned. Ang nonius wall 
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Ker 
Aar 


To Sade a line of fight to any ſtar or planet. 
75 Adjuſt the inſtrument to the latitude and me- 
ridian, and ſet the nonius on the deelination 


circle to the declination of the ſtar. Then take 
the difference between the right aſcenſion of the 
ſun and ſtar; and if the right afcenfion of the 


ſtar be greater than thar of tlie ſun, fubtract che 


difference; if not, add it to the time of obſerva- 
tion. The remainder, or ſum, will be the tur 


and minute to which the nonius on the horary 
cirele is to be ſet; Which being dne, e 5 


will point to the ſtar or planet ſbughe. lde bats 


If the time be too ſmall to admit / of taivings : 
the difference taken from it, borrow 24 hours, 


atid reckon the remainder from XII At'noon. kits: 
When the ſtar or planet has, by the diurnal 


motidn of the earth; been carried out of the field 
of view, 1 in which the crofs wires are placed, | 


be "readily overtakeh, by moving the 


declination ſemicircle on the equatorial cirele. 


There are many other pleaſant and uſeful 


problems, both terreſtrial and aſtronomical, 
uhich may be ſolved by theſe inſt 
they cafinor here be enlarged on, confſiſtently 


with the intended limits of the preſent work. 
The intelligent ſtudent will diſcover ſome of 
them himſelf, and for the reſt he may conſult: 


eee 8 e of a Courſe of: Lauten, De 


$”* ell } | a 
= - oc? 


bor TAE QUADRANT, her 583 
is 3 Aſtronomie, and other approved 7 
authors. It will be ſeen, likewiſe, that I have 1 
not entered into the minute conſiderations of ja 
refractions, the variation of declinations, and 8+ 
other elements for parts of days, &c. neither = 
<7) 


have I deſcribed any of the ingenious artifioes, 2 
by which the errors of inſtruments are either 
corrected or allowed for. In this, alſo, I think 
the judicious teacher will join me in opinion, 
that though they ire deſeryedly eſteemed of the 
higheſt importance in the accurate operations of 
madern : aſtronomy. yet it would not have been: 
aclviſcable to have diverted the attention of che 
learner: before his; curioſity was excited by a 
diſplay of the leading particulars, even on the 
ſuppoſition that my ꝑlan could have e 
n for entering into ſuch a detail. TI 
The learner need not, however, = too | diff. 
| 5 — in attempting to diſcover them by his own 
reflections, after he has acquired a perfect knoy- : 
ledge: of the contents of the foregoing pages: 
Ihere is no doubt but he will then ſee with that 
pleaſure which: attends ſucceſsful e | 
the excellenceof the equatorial, and the: nume-: 
rous methods by which it's parts may be ae) 5 
to cooperate, in producing» much more accu- 
rate reſults than it's ſize may ſeem; to promiſe. 
| In the mean time I ſhall conclude: this, article : 
Vith a deſeription of an improved equatorial, inn 
vhich ever endeavour has been uſed to unite: | 1 
| 9 ps OY 5 iN 
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f ſimplicity of conſtruction wich —— and a pro re- 
» ciſion e ee 341 W Hi 4 


2. | 63 N:. „ 


mie en or THE ; TupnovaD bangt. 


he leading requiſites in good af 5 
inſtruments, are, 1. the parts muſt bb 3 


connected, fa that they may always preſerve the 


ſame figure; 2. the ares muſt be truly centered. 


and accurately graduated; and 3. che extremity 


of the line of ſight maſt in all ſimple motiona 
deſcribe a true circle. The two former either 


by are or ought to bee in all inſtruments, 


whatever may be their form; but the latter 


5 property requires a eee eee It 


is obvious, that when the line of ſight,” or tele 


ſtope, is moved on the ſurfaee of one of the ir- 
cles of an inſtrument, it's motion will be affected 


by every ĩrregularity or deviation of rhat ſurface 
from a true plane; but on che contrary, if the 


motions be performed about axes well fitted, the 


extramity of the line of ſight win im all ſituations 


remain directed to ſome point in the eirele in 
| whioh-ip may be placed. The difficulty of ob- 


taining: and preſerving the true ſurface in the 
former caſe; has induecd all aſtranomers to give 


2 the preference vo axes of motion, in ſuch in- 
ſtrumenits as are intended to be uſed in obſerving 


tranſits of the-celeſtiab bodies, aeroſs the plane 
of the cirole in whieh the line of fight ĩs moved; 


| ind; 7s _ of Oe Fvations made 
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of *tholp Wing prone by the plan of the 
A CRE iris compoſed of. 

In the preſent inſtrument (plate XXI.) this 
Fircumiftanse is particularly attended to. E F 
is the horizontal circle firmly connected to ano- 
ther circular piece by ſix vertical pillars. The 
diſtance between theſe two circles affords a 
convenient ſituation for a ſtrong upright axis on 
which the whole of the upper part of the inſtru- 
ment may be horizontally turned. The circulat 
piece, which is ſcrewed upon the head of the 
vertical axis, carries a ſpirit level. It alfo has 
an adjuſting ſcrew on one of it's edges, and a 

nonius plate on the other, which ſfrews minutes, 
This piece ſupports the two uprights, upon 
which the axis of the ſemicirele of altitude A B 
turns. At right angles to the ſemicircle of al- 
titude is fixed the equatorial or horary cirele, 
7 from the center of which laſt proceeds a ſtrong 
axis, that carries the apparatus for ſupporting 


the teleſcope. The horary motion of the tele. 


ſcope is performed by an adjuſting ſerew, con. 
nected with an index that carries a nonius, for 
dividing the hours into portions of ten ſeconds 
each}; The teleſcope has a ſtrong but light axis, 
whoſe circular ends turn in moveable ſoekets gf 


hard hays one of which is capable of a vertical, 


and 
5 


a more 
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2nd the other of an Horizontal adjuſtment. Obe 
end of the axis is perforated, and has a ſmall 
convex lens ſet in the opening, through Which, 
by the help of a reflector within, the croſs. wires 
may be illuminated for making obſervations on 
the ſtars at night. The ſemicircle of declination 
D is affixed to the teleſcope, and paſſes very near 
a nonius Q: which ſhews minutes on the limb, 
Foe = ſhall: now proceed to deſcribe the method of 
5 ad) } uſtment and, obſervation, which will render 
minute enumeration of the parts unne- 
ceſſary, and will at the ſame time ſhew. [their 
uſe much en than can. be deve by: mere de- 
An attentive view of the inftru1 


ND, at problem xvi. will hex chat ir” OY perfect ad 


155 | julkment conſiſts in the. follow ing particulars. 


e ntal circle E F muſt be truly level. 
23 Mis plane of the ſemicircle of altitude A B : 
— muſt}be truly perpendicular to the horizon, or 
it's axis muſt be level, 3. The horary cirele 


8 5 M. N. muſt be parallel to the horizontal circle ; 


1 5 ; 5 EE, when the nonius of, the ſemicixel 


© af alti- 
| so degrees; PE atleaſt the error of the 5 


. pofition of the nopius-m nuſt be ind; 4. The 5 


; 7, r alan plane: 9: dnt apes 5 
| ; i S The. line of ſight, or optical axis o of the 


7 MFR, i be at N angles: to it's axis of 
225 Ln 3 


oy > = ” _ * — : 
wo o S 5 ; #3 
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motion. 6, The croſs axis of the teleſcope muſt, 
be parallel to the plane of the horary circle; and 
(J.) parallel to that of the ſemicircle of altitude, 
when the nonius marks the hour of VI. Laſtly,. 
the line of ſight muſt be parallel to the horary- 
circle, hen the nonius of the ſemicircle of A 
clination marks o degrees. 8 15 

: The manner of making theſs ad Mae. tae" 


be as follows. 1. Level the horizontal circle as. 


deſcribed in problem xvi. 2. The plane of the, 
ſemicirele of altitude is adjuſted. in the, original, 
conſtruction of the inſtrument. , 3. Set the ho- 
rary index at XII, and direct the teleſcope to a 
remote object; ſet the index to the oppoſite XII, 
and turn the horizontal moveable circle. half 
round. If the teleſcope then points to the ſame 
object, the horary circle is parallel to the hori- 
20n; if not, alter the poſition of the ſemicircle 
of altitude, till the teleſcope continues to point 
to one ſingle object in both poſitions of the ho- 
rary index. When this adjuſtment is made, 
take notice of the ſituation of the nonius of the, 
ſemicircle, of altitude; if it cuts at o degrees, it 
is rightly, placed; if not, note the difference, to 
be applied as a correction of all opſervations 
made with that ſemicircle. 4. T. he axis of the 


horary circle is truly placed in the conſtruction. 


5. Cauſe the vertical croſs wire of the teleſcope 
to interſect 4 remote object, the adjuſting ſcrews, 


of the horizontal and horary circles being pre- 
| viouſly 
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viouſly made faſt; then reverſe the poſition of 
: the axis, ſo chat the ſemicircle of declination 
may be upwards inſtead of downwards.” By the. 
motion on the axis it will be ſeen whether the 
tante cob wite interſects the object ſeen in the 
former poſteion; if it ds, the line of fight is at 
right angles to the axis ef motion; hut if not, 
| alter che pofition of the croſs wires: by means of 
the two mall ſerews near the! eye end of the 
teleſcope, one of - which muſt be unſcrewed a 
lierte, and che other ſcrewed up. till the de- 
ſtred proof, the accuracy of the poſition of the 
teleſcepe, be attained. 6. Hook the armsof the 
+ Hanging levels upon the ends of the axis of the 
E teleſcope, having previouſſy placed the horizon 
tal and hérary ciectes level. By means of the 
ſmall capſtan ferew beneath one end of the axis, 
cauſe the bubble of the hanging level to occupy 
the middle of it's glaſs.” Unhook ehe level, and 
hang it again on the ais, but in a contrary po- 
fron, ſo that it's right · kand end may now be | 
placed to the left. If the bubble ſtill continues 
45 up the middle of the glaſs, the axis of the 
Teleſcope is truly level or parallel ro the orary 
ciele; if not, alter the adjuſtment of the axis 
Ey che capſtan crew, and of the level by it's 
fk fere ws, till the bubble ſtand in the middle 
i Both poſitions. 7. Set the ſemicircle of alti- 
tude ts 90%, and fix it there; ſet the declination 


Emittrcte to Ge, and the horary index to VI. 
9 8 5 
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Direct the teleſcope to a remote ob ect. Then 
move the horizontal circle. balf round, and fer 
the horary index preciſely at the oppoſite VI. If 
the ſame object be ſeen at the interſection of the 
croſs wires, the line of ſight, ts rightly. placed, 
with reſpect 1 to the horary index; if not, correct 
the axis of the teleſcope by, the ſide capſtan 
ſcrew, ſo that the croſs wires may cover an ob- 
ject half way between the former object and that 
Kft feen. Laſtly, make the horizontal and ho- 
rary cireles parallel to eaeh other, and direct the 
teleſcope to a remote object, obſerving the de- 
gree and minute ſheun by the nonius of the 
declination ſemicircle. I urn the horizontal | 
circle 1802, ,/ and1the, horary index likewiſe 
180, e een the fame; qbject. If the de- 
grees and minutes on the declination ſemięixcle 
be the ſame as before; the noms, is rightly 
placed; if not, take half he ſum of the. two al- 
. tituges, or depreſſions, which will be the true 
altitude or depreflian,of the object, with reſpe& 
to the horary circle; then lœoſen the ſcrews of 
the declination nanius, and move it till the 
object; feen at the interſec tian of the croſs Wires 
gives che true quantity an tbecdedinstten {emi 
circle. 81151 7 d 5376751 E E 11110 115 503 © 
The problems wrought by the Goats 
ments, with every other in aſtronomy, ſorveying, _ 
and menſuration, my be Pre with ſin- 
| 24 M6 Aal ng . He te: _ gular | 
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gular accuracy by this equatorial; we walt only 
5 give one of two inſtances. e 

It is jadged proper, for the benefit of Fel dir 
Who have not been converſant in making aſtro- 
nomical obſervations, to ſtate here at large, ſome 
of the principal obfervations to be made with 
his <quatorial, and the — of page's 
with i •1i 8 


1 1 L 


| a FIND THE. GT ee or THE en BY uE 
SUN, OR; ANY KNOWN FIXED STA Xx. 


Ale inſtrument being adjuſted according to 
wt directions already” given, ſet'the ſemicircle 
of altitude to 90, and when the ſun is coming 
near the meridian, elevate the teleſcope till the 
center of the ſun is exactiy in the center of the 
braſs" wires; then follow the ſun; by moving 
Beth 'the equatorial and deelination eireles, (if 
neceſſary) till ke is at his greateſt aliftude- the 
Hbnins 6Pthe'ceclindtion will then give you his 
Man altitude from which"ſubtra@ his de- 
clination, if it be north; or; addl it if it be Tourh; 
the femainder, if north: and the ſum, if ſoutk, 
is the height of che equator, that is, the com- 
plement of the latitude, from which ſubtract 
the error in altitude occaſioned by refraction; and 
the Femaitider ſubtracted from go degrees gives 
Jour latftude nos tri 1 oro nity ant 


ene e eee If yan ans 3. lolie 
o an 1196 br EE 


i) I + 


LOC 1 


c 4 1 5 „*r 1 
ſübtract his declination „ 6 7 37 
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E X A M PL E. 


A ril 7th. — fun $ declination ” 
that day 5 | "CN $ 7 . north 
you obſerve the meridian altitude 
of the ſun's center = = Gt ind 0430 


Ch. ; * 1 9 4 a * b *.. „ 3 5 wr ak $4 ds. ate. 
11 * 1 14 
. * 0 0 4 195 # - 4 #5 2} 3 7 


height of the equator or co-tatitude' "73 38˙ 9 46 
ſubtract the refraction eäneſbeüne. e 


to 45% ” 23 "(ſun's altitude) — 165 54 
c6-latiti de correcte dt 5 405 8˙ 52” 


which f 1btrafted from | e 25 9 eh 


VI r * 7 C0000000T0ↄↄ0.. 51 I 
gives your latituc a 1 
id FLEE LO LUIS DOCH a FE RT ers 


if inſtead of bin eig dhe altitude of the” 


center, you obſerve that of the upper or lower 


limb of the ſun, you muſt alloy for the ſemi. 


diameter of the ſun, which allowance, you find 


% 


— 


#3 s ww 


in the nautical almanack. © * 
N. B. The latitude may be bound in the like 
manner by a fixed ſtar whoſe declination is 


- » > - * „ : nd 
* . * : : % 
af 4 + £ 4 % ONE * ec a x. 7.5 > x2 on 1 S* 
F * 5 1 2 23 444 5 « . 2 N x 
<. - .. 2 
* 


4 i ; g 
4 2 2 "+45 1 {13 3 


3 To. 1 75 the. meridian BY ov OBSERYATION, 


3 29 ONLY... TS: 


$A» Fils 15 3 > i l Ale ; in! 1 


-T6 do tkis, . the equatoriab (or hour) 


cirele to the co latitude of the place, and ſet the 


{is circle: to the: fun's dec linat ion for 
Py * 85 : / the | 
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the day and hour of the day required ; then 


move the azimuth and hour circles, both at the 


fame time, either in the ſame direction, or the 
contrary, till you bring the center of the croſs 


wires in the teleſcope exactly to cover the cen- 


ter of the ſun: that being done, the index of the 
hour will give you the apparent, or ſolar tins. 


at the inſtant of obſervation. Thus you get the 


time, though the ſun be at a diſtance from the 


meridian. Then turn the hour circle till the 


index points preciſely at 12 o'clock, and lower 


the teleſcope to the horizon in order to obſerve 


ſome point there, in the center of your glaſs, 


and that point is your meridian mark found by 
one ohſervation only. The beſt time of the 
| bn for this operation of finding your meridian, 
is three or four e or rng or OP 
dur alter tele ar ht. | 


| To! [obſerve A ſtar « or inet? in broad 6270 WY 
"at any time when it is above the horizon. Tow . 


fin 1 1 n 
e in a table of right aſcenſions, for the 


time of the ſtar s traniit over the meridian. 
Elevate the equatorial circle to the 5/19 


tude of the place, and ſet the nonius of the de- 


clination circle. to the ſtar's declination; look 
into the table for the time of it's tranſit 1MMEz- 


_ HBADELY:)) FaeanNο ul, obſervation; then 


take the interval of! time ſince THAT tranſit to 


| this time of _ obſcrratiun- as given by the 
"or | | . 


— 
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clock, and add to it the ſtar's acceleration, cor- 
reſponding to that. interval of time, this ſum is 
the hour to which you muſt ſet the hour index of 
the equatorial circle, and the ſtar will then ap- 
pear in the teleſcope. . : 
The ſhorteſt way to get che intervy) of time 
| es the ſtar's tranſit and the time of obſer- 
vation, is, always to ſubtract the time of the 
tranſit from the time of obſervation, (adding 12 
hours to the clock if neceſſary) oxIY rk R 
CARE, NOT TO MISTAKE MORNING. HOURS FOR 
EVENING HOURS, or vice verſa. 


1 


— 


* af 


"EXAMPLE I 


1 Zoth, at hours, 

„ WE find Capella; ET Fe N 
it's declination is 45 44 29” North. 
it's tranſit (by the table) is at 40. 22' 9 A.M. 
which ſubtract from time of 


- obſervation, viz. OE Por A. M. 
remains interval of time ſince Fu 

it's tranſit „ + 5 137 3 
add acceleration for 4h, 37'S 5 45” 


er the hour index to. 1 45 36 36 P. M. 
. 5 EXAM 1 4 In. 


= May giſt at 2 P. M. find Arcturus; bo | 
it's declination is | N 20” 22 30 North, | 
PD | 1 


* 2 * 
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8 it's tranſit (by the table) tat 
by day is at 90. 25 42 P. MW. 
_ fo that you muſt take it's 
tranſit for May-3oth,' be- 
cauſe at 2 h. P. M. of 


May 31, it had not yer 
OO che meridian _ ** 25 
—it's was lie" 30, is at . 20 75e. Me. 7 
which ſubtract from "the } 5 
: time of obſervation, viz.  \ 2 8 F. M. 
I 9 TT 37, at 3 ; i J 5 . . „** | 
remains 3 of time 
* ſince it's tranſit 4 30 5 Bs . 
n is to ſay, I 6b. 30⁴ 12 „„ 55 
ſinee it's tranſit cl de t, 0 RT 
(nd acedtraion for 165. 1 wh 242 
fer the hour index t to. i 2 37 4 A. M. 
To find the right ain and declination Hh 
of a fixed ſtar, planet, comet, or the 1 moon. | 
The egqurtorlat eirele being Mevaed as TU 55 
fore to the complement of the latitude of the fo 
place, move the declination. and equatorial 
circles, till.the moon, ſtar, or comet, is in the | 
center of the croſs wires in the teleſcope ; the 
nonius of the de ination- circle will then give | re 
OT MN 


* 
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you the declination of the ſtar, &c. and the 
_nonius of the equatorial circle will give you 
the hour of the ſtar, &c. then your regulator or 
clock will give you the ſun's time; or hour of the 
day: take the difference between the ſun's time, 
and the ſtar's time; and if the ſtar's time is leſs 
than the ſun's time, add that difference to the 
ſun's right aſcenſion at the time of obſervation, 
( which you find in the naytical almanack) the 
ſum (rejecting 24 hours, if it exceeds that num 
ber) is the right aſcenſion of the ſtar, &c,— 
Again; if the ſtar's time exceeds the ſun's time, 
ſubtract the difference from the ſun's right 
aſcenſion; the remainder (adding 24 hours to the 
ſun's right aſcenſion, if neceſſary) is the pans _ 
cenſion of the ſtar, ke 
E X A M P LE I. 
January 31ſt, 1778. 
Obſerve a ſtar whoſe time ty 


7 


the equatorial circle is 25. 187 3” P. M. 
ſun' s time as given by the re- | 
 gulator, VIZ, _ 2 44 40. P. M. | 
4 difference between the two 7 26 37 
as the ſtar's time is leſs N | 
the ſun's, add that diffe- l 
20 
rence to ſun” 8 n 750 ED 9, 
cenſion 
. reject 24 hours from N 23 46 "7 
right aſcenſion of the ſtar is 4 27 46 © 
Fp 3 - Irs 


2 
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It's declination (by the nonius of the declins- 
tion circle) i is * 2 3055 North. | 


EXAMPLE 1 


Auguſt 31ſt, 1778. 
Obſerved a a ſtar whoſe time] 
by the equatorial circle is | 


33 
105. A. M. (chat, is aſtro- 950 . 
nomically) — 3 
fun' s time as given bythe re- . 55 
gulator, viz. 5. 55. 4. A. M. . 17 55 4 


x that! is aſtronomical ly). 


1 K — 


"nes e e 


as the ſtar's time exceeds the} 
ſun's, ſubtract that diffe- 


10 38 88 
ence from ſun's right al- 35 5 
cenſion OTE 1 
DNS} | EO 
5 ins the right aſcenſion 1 5 
bribe tar TE 6 34 2 


it's declination (by the nonius of the declination 
: circle i is 169 25 1” South. 8 | 


xa yPLt ere. 


* 1 Japary 31ſt, 1778. 
Obſerve a tar whoſe time by 

the equatorial cirele is 10. 50 & P. M. 
fun” s time as MOT OY ww 
gulator, \ OO. 8 34 35 P. M. 
„%%% ᷑ V digerenee 
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difference between the two 225 25 
as the ſtar's time exceeds the: 
ſun's, ſubtract that diffe- | 

; > 
- Fence from theſun's riglt 


Acenſion 


20 57 9 


— — 


remains the right aſcenſion of 
"the far e | 
it's declination (by the nonius of the declination 
circle) i is 3$L 3 5. North. PO ho. 


To find the eee at SOR 


Note. As there muſt be calculations made in 
conſequence of theſe obſervations, in order to 
determine the longitude required; it may be 
proper to apprize ſuch perſons as are not con- 
verſant in the calculations, or who do not chuſe 
to take the trouble to make them, that if the 
following obſervations be taken with care and 
accuracy, and immediately wrote down, the 

calculations for determining the longitude from 
thoſe obſervations, may be made by any other 
perſon, at any period of time thereafter, ſo as 
to aſcertain the longitude ſought with the ſame 
preciſion, as if the calculations had been made 
at the moment of obſerving. „ 

Io find the longitude wanted. "Obes the 
once of the right aſcenſion of two celeſtial 


bodies; for inſtance, of the moon, and a known 


fixed ſtar, at any given time, either on, or out of 
0 N'; 
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the meridian, and from that difference infer the 
moon's right aſcenfion at the moment of obſer- 
vation. That being obtained, find what is the 
preciſe time, at any place whoſe longitude is 
well aſcertained ; for inſtance, at Greenwich, 
when the moon has that right aſcenfion, which 
you have naw obſerved. The difference be- 
tween that time at Greenwich, and time with 
Fou, is the difference of longitude, in time, be- 
tween Greenwich and your place of obſer- 
vation, which is eaſt of Greenwich, if the time 
_- with you be later than the time at Greenwich; 
and is weſt of Greenwich, if the time with you 
be earlier than that af Greenwich. 
The equatorial being properly adjuſted in all 
it's parts, and ſet to the co-latitude of the place, 
. RY to, W pl eg . 


4 
4 2 £545 PS 2 83 . > £35 


1 85 24 x 
ION _ moon and a known fixed far : are 
each of them obſerved on the meridian. 


June 26th, 1779. Arcturus 
obſerved! on the meridian | 


270 e 1 88 Eh. . ny 43 49*P.M. 
FFF (mean 1 
and we moon 8 weteth limb 5 5 
e 
i bat „ 4 1 2 0 8 1 „en _—_ 
F ITS ONO JVC 
0 i Sul! e 11 


4 + 
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| EXAMPLE II. 


When the ſtar is obſerved, out of the meridian, 
onany hour circle whatever; and the moon is 
likewiſe obſerved, out of the meridian, on the 
ſame, or on any other hour 9 . | 


June 28th, 1779. Arcturus 
obſerved ona horary circle, 
15. „ r welt of the 
meridian by the inſtru- 
: ment, at 8 3J© 497 P:NE 
moon's weſtern limb obſerved {mean time) 
on another horary circle 1h. | 
100 caſt of the meridian by | | | 
the inſtrument, at 10%. 56'16*P. M. 
Os (mean time} 
ſuppoſed difference of lon-] 
gitude in time, weſt of 0-17 & 
Greenwich | 
latitude of the place of Gs 56*35' North. 


Nothing more is required from the obſerver 
than the two data in the firſt example, or the 
four data in the 2d example; from either of 
which, the longitude of any place at land may 
be deduced by calculation. | FG 
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Mathematical and d Philoſophical lena. 


Mathematical Inſtrument Maker to His. Majeſty, and. A 
Optician to His 9 Highneſs the Prince of m—_ | 
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The beſt ditto, with Brazil! 


0 MADE AND ) SOLD BY 


GEORGE, ADAMS 


No. 60 Fans Snur, Lounon. - 


glaſſes 


Single joint ſilver fpeRades, w with glaſes 


Ditto, with Brazil 
Double- joint ſteel ditto, with glaſſes 
Beſt fingle-joint ſpectacles 


pebbles” 


5 725 
. 
— © - 


Ditto, inferior frames, from 28. 6d. to. 


Noſe ſpectacles, mounted in awer 


Ditto in tortoĩſhell and filver” 
Ditto in horn and ſteel 


SpeRacles for couched eyes 
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A twel e· inch dito Boqi ln bens 5 5 I 
Adams's LUCERNAd.MICROSCOPE, bot 4 5 1 
8 travſparent objes; it doc;not fatigue the ey,, 
is in all caſes a proper ſubſtitute. = A 
9 » miardlcope, and on — dee 4 05 
itt © 4d „ AS 2 
A ſmall double-refleing micro cope e eee BY e 
= larger dito | 5 ———— te 2 19 6 
An impreved univerſal doukis mjcpſcape, 8 $9 
Ditto fitted up in.a different form, from 81 88 to 14 0 
Ellis? S aquatic microſcape...... A. hers n $6 
Ditto with an adjuſting ſcrew —— 11 8 
Wäterinz's and other botanical microſcopes, from, Ss ada 
0s. 6d, to 1 8 
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7»%Wcuĩârnëm HE HEATER PINES NINE 1 3 a ee 
Spedtacles with ſhades 
Concave glaſſes in horn boxes, for ſhort-fi ighted eyes 
Ditto, mounted in tortoiſeſhell and filver, pearl and 
filver, in Ons manners, and at different prices 


Re m as Gd. 10 — „5 
whe 2070548 GA. ta 1 Liz 1 0 
Ditto on an improved conſtruction, 11 7s. and „ 
Ditto to be uſed at ſea by night 6 
Diagonal operas of a new conſtruction = 1 26 
_ Teleſcopes 7 ee eee and prices 
Aoromalic 0 ta yenient ſor 
the 8 aha t. ade the 6 of braſs; and 1 0 
ee not ſubject to the inconveniences of 
thoſe that are made. with vellum diawers, from 
1 3 8 0 
Teleſcopes to be, uſeꝗ at ſea by nig 5 
— 'perſpedt glafſes for- ofthe pocket dom hg 
108. 6d. to 12 6 
An optical ade ahecum; ee ee Cabs E. 
telekcape and nuoroſcope, from; gl. 138. 6d, to, 4 14 6 


A thirty- inch acromatic telef, ſcope, with aber rent 
eye pieces for terreſtrial and celeſtial objects; 
this is one fe ee age we, g. w 

e 


made for general purpoſes, from gl. Bs. to 10 


An acromatic teleſcope, about dues! feet and an batt: 
long, with different eye-pie 18 18 0 


A three - feet reflecting teleſco with four magni- 
fying powers, with gaek I 1 40 36 15 o 
A ditto, two feet long, wit 4255 21 0 0 
A two-feet reflecting teleſcope, with two powers * 12 0 
Oo 


An eighteen - inch ditto 


tn 
= 
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”P 
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3 
| „ 
Small pocket 3 from 6s. tio 3 28 5 
Solar microſcopes — — 3 + 
Ditto © 6 o 
Solar a goes s for ales apa cranſparont OS * 

from 16], 168, to oO © 


" BN microſcope and lanthorn & to imitate the Calm; 
microſcope 
Curious collections of objets fop the microſcope, | 715 
either opake or tranſparent ä : 
Collections of ſalts, properly prepared for e A 


mic roſco 


Magnifying glaſſes for botanical, anatomical, 2 7 
3 other purpoſes, from 25, to . 11 11 6 
Small magic lantharns, with twelve ſmall your” 
ſliders; from 10s. 6d. to 35 TE 7 £e 
Dino with the ſliders better painted ? | 
Large magic lanthorns, from ul. 3s. to. - _ 1 . 6 
Optical machines for: viewing e ane prints, 
from 188. to — Give 
Scioptric balls | 0 10 8 
Small camera obſcuras, from 10s. 6d. te 3 2 a - 
Book and Pyramidical camera obſcuras, W 2 
1. gs, to 055 15 * 
An artificial eye for illuſtrating the. princigles of | . 
_ vifion- 13 


Priſms, mounted in various manners e e 
Concave and convex mirrors, from 78. 6d. 10 1B 2 15 3 


Cylindrical diito, from 11. 18. to "2 1 3 3 


Geographical and Atronomical Inſurgent, 


73S 
' PRICES or "GLOBES, 275 Nas 82 = 
. 28 inches diameter mounted in mahoganʒ 
fi ames ne 52 10 'd 


28 dito frames carved and ornamented 
18 ditio mounted in the common manner 6 6 o 
18 dito mounted in the common manner 
"0k mahogany. ſrames - _ EQ 
18 dittio mounted in the bet manner, 3 

ſtained frames © 10 


48 ditto mounted in the beſt manner, in DE 
12 12 * 


, mahogany frames — 
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. . 
= 0 diameter, mounted in the: beſt manner, 5 * | | 
in carved frames 16 16 
26 ditto mounted in the common manner 6 6 
122 ditto © mounted in the common manner 3 3 
12 ditto mounted in the common manner, | 
in mahogany frames | ——- | 
52 Ccitto mounted in the beſt e in 

ſtained frames — : 

#2 ditto mounted in the beſt manner, in 

—=— R : 


N 
> BH 


mounted in the common manner 
| mounted in the beſt manner 
6 yn mounted in the beſt manner 
3 ditio mounted in the beſt manner 
3 dito for the pocket . 
An armillary dialling ſphere— 
An armillary ſphere, ſhe wing at one view . | 
and apparent motion of the heavens: + 17 8 31 10 
An armillary ſphere, with a Planetarium within it 8 10 
Plain INRA ſpheres. 4 
A manual planetarium and tellurian. 3 33 
hay new "rg for re the phenomena Fs 
5 af he ſeaſons 64 100 
'> 4 ditto for illuſtrsting the We of aha. the moon, KS + 
and the cauſes of eclipſes | 4 10 
A manual planetarium mm —pg 2 2 
„tie three laſk mentioned inftruments are 8 
_ © *© repreſented in plates V. XV. and XVI. of 
my aſtronomical eſſays) 
A eee with wheel-work, by which the 
| nd motion of the Planeis, their ſituation 
ae pet thy tlie earth at different times, ang 
the drug of their appearing to be ſometimes ; 
_Rationary, and to move at other times in contrary 
directions, are rendered obvious to the eye 7 17 6 
A tellurian and lunarium for iltuſtrating the Mm. 
nomen of the earth and moon, and forming 


. T5 


a 


8 „„ 
9 22 5 
90 O O o o 


D od 


"MW 


3 = o "» o * 


roper companion | for the former 
Ke tellurjan and tunarium may | be combined / %” 
together, or W COOL TEN 
A Sorrel and elegant planetarium, hn and 
e (ſee p ate IX. of my aſtronomical * * 
18 18 © 


Piyo win ihe Carnal motion io the earth HEE ot 
„ r e The 


$313 ir 
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„„ 
The moſt a Panetarium; tenurian, and 1 
- lunarium, plates 7 and XVIII. - 36 15 0 
Orreries, from +8, 188. to o O © 
A ſmall quadrant, with an a0 Find vertical 5 < 

motion, for the inſtruction and amuſement of 
_ © young people — 

A ditto framed in brafs, more accurately made and EE 

graduated — — — 2 12 6 
A imall equatorial, being at once an accurate un: 
verſal dial, and a portable obſervatory; with it 

à great number of curious and intereſting pro- 

blems may be ſolved, and any perfon ſoon ren- 

dered maſter of the elements of 3 OS 

aſtronom _ 3 8 
Ditto on a larger N with a teleſcope, and more 8 
- adjuſtments 26 5 6 
Complete equatorial Mae from ge 50 gs. to 500. © @# 
Tranſit inſtruments, aſtronomical por ns cir- | 

cular inſtruments, according to their ſizes, the 

e and e of their ee 
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Mathematical mne bor Geometry, i 
D Ke. „ | 


Plain compaſſes for 8 lines, . 18 to 1 0 
Drawing compaſſes with moveable points, from 
58 6d. to _— | 3 | 
Drawing pens, from 18. to 0 
Bow compaſſes for deſcribing ee care, from 
8. to o- 
Har compaſles for taking extents with: accuracy 8 
Beam compaſſes for deſcribing large circles, 8 ll Ry oe 
down diviſions, &, e 
Triangular g, for transferring three avg : 35 I 
at once from any plan or drawing, from 18s. to 1 1 0 
Proportionable compaſſes for diminiſhing plans or | 
_ . drawing in any alligned proportions .— 1 11 6 
Elliptical compaſſes with friction rollers, for 
IS 3 — — 4 4 0 
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Elliptical compaſſes on a different eon ſtruction, 
+ anſwering at the ſame time the purpoſes of beam 
and calliper compaſſes — ( 4 
Spiral compaſſes for deſcribing ſpirals, anſwering 


adlſo as beam and elliptical compaſſes, from 61 6s. : 
We V 


to. ! _ 3 P ales 
Parallel rules of various conſtructions | 
A new-invented parallel rule, which for facility in 
application, and accuracy, exceeds any other Ne 
kind, from 88. 6d.10 ——  -— 11 0 
Ditto with a protraftor . . F 
An inſtrument for drawing lines inclined in a given | 
angle to each other, though the angular point is 
at an immenſe diſtance, a rule exceedingly uſeful _ 
in perſpective 1 Poms 3 8 
Various inſtruments for the purpoſe of dividing 
s lines, or transferring diviſians on paper 
A cyclograph, or an inſtrument by which circles 
may be deſctibed, from 4 or 6 inches radius to 
one as large as the orbit of the Georgium Sidus 6 6 o 
Plain ſcales and ſectors of different ſizes „ 
3 protraftors, ſemicircular and circular 
ocket caſes of drawing inſtruments, from 7s. 6d. to - is 6. 
Magazine, er complete collection of drawinginſiru. - 
* ments, at 111. 118. at 17. 178. and from TOON” STS 
to | SE EE A064 2268 pant i | 0 
Perſpecti ve compaſſes for aſcertaining the relative 7 
proportion of objects ; 0 18 0 
Dr. Firſt's inſtrument for drawing in perſpective 383 5 o 


#14 


* * * ; 


A new invented inſtrument for the ſame purpoſe 
Tom facilitate the aperations clan el. n 
ard greatly aſſiſt beginners SO EI . 
An inſtrument for faeijitating drawing ſrom nature 
by aſcertaining a number of point: 
Concave Tenſes with ſquares for eye draft. 
Drawing glaſſes, ov — with a fight to aſſiſt 
—. TT oe next 3756 hon dts el v0} gull ad og 7 
Pantographers for copying, reducing, and enla |. 
- ging drawings fours 21; v2, 6d. 0 ͤL—HU⁊ 6 6 O 
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Saen in Inſtruments. 


2 


5 


Caſes of 3 inſtruments 
Parallel rules 
e ſcales 
Sets of plotting ſcales 
A new invented parallel rule, with plotting cue. 
A parallel rule and protractor | 
A plotting ſcale, in form of a-beam compaſs: 
Protrattors for laying down angles 
Ditto with a nonius and moveable limb — 
Ditto rendered more accurate, as the hk; is made 
to move wich a tooth and pinion 
Meafuring wheels — DH 
Pedometers for meaſuring a given diſtance in wan 
Meaſuring chains of 50 and 100 feet 155 
Gunter's chain 
Tape boxes, according to the sm | 
Surveying crols or ſquare. | 
Plain tables, with an index and * "an * 
the plan is taken on the ann and does not require 
a future protraction 


” 


— — - 
o 


4 — — 


culiar make; in his inſtrument the line of 
is always over dhe center of the table, the ftation 


4 


6 


11 
* 5 


lines are alſo drawn parallel to thoſe 1 ; 


on the graund' 
Theodolites, or inſtruments for meafuring angles 
diſtances, &c, are made in various: ways, 


o 


being more. imple and portable; others more ac- | 51505 18 


- curate, and with a greater number of adj 
Theodolites, with four plain ſights, an 
paſs box, from 51. 58. to 


a com- 


. - N 5 
A ſmall theodolite, with teleſcopic. fighus| and ver- 
9 


is made to ſerve occaſionally the parpole. of a 5 
N 4 14 


tical arch 


A larger ditto, in which the limb of the theodolite 


protractor 
A ditto of the ſame ſize, on a different conſtruction, 
the vertical arch being affixed to a ung axis; the. 
limb does not ſerve for cor 
rum rack- work 


— — — 2 


2 


% 


7 


5 
"X's — 
* 4. 

. h » 


# þ 6 
Beighton's improved plain table, le with an index ofa 9” 4 "9 


44 14 1-0 
A larger ditto, like the preceding, Sly way moving 
6 MW 
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The lateſt ambit theodolite, At double ele 
ſcope, and every requiſite adjuſtment 0 
ers, the principal inſtrument uſed i in 3 
America, from al. 2s. is Wig 1172 6 


An improved circumferenter, ſo contrived mat 
the operator need not reſt the truth of his work 
entirely on the needle; it max b be alfo uſed. to 
take altitudes e 

Air or ſpirit levels with teleſcopic fights, - from We 


41. 148. 6d. toß'o — 18 113 5 
Air or ſpirit levels with phin 5 fights rpms 1 11 6 
Station bb with ſliding vanes for levelling 1 16 0 
A ſmall ſurveying compaſs, with Dn,” es 

; diviſion, and three-legged aff - — 1% 6 
A finall ſurveying compals and angle flick 5+ 5 AE! 0 

(The two 2 inſtruments are portable and 4 


light, and may be put with eaſe inthe pocket) 


| liner compaſſes, uſed for carrying. on . 


underground, from 108. Gd. tio — 25 4 TT | 
Ditto: with a fall teleſcope fixed to one Ge 2 1 8 11 8 


Green's teleſcope and tangent _ for N 


diſtances at one ſtation? (it is vious, that an . 
A ths meaſuring-of a ſtrait ak with accuracy, the 
le buſineſs of ſurveying depends; Mr. 8 
_ Green's method is certainly more expediuuus 


than any other, and is not Tithe 0 e t ©: 
| which may be made to them 771 
ER, Optical quare, a ſmall inſtrument for. ie by FO, | 


right angles; it requires no ſtaff, and ma be 8 
— — ee . SY 0 


An optical inſtrument for TOY accu 


racy eee, 5 = 0 


3 * 
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Shot guages 3 hy 1 8 > | 3 I {f3 743 
Shell ditt 4 od ini moin, 
1 „ [ 
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Per ah leval FFF 
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| 1 Ditto 
2 * 
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A tele 
- ,. terminang the diſtance of a ſhip at ſea | 
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Ditto with an adjuſting ſcrew | | 

Ditto and perpendicular combined together 

General Williamſon's inſtruments for howitzers, 
mortars, &c. 1 i 

Surveying compaſſes, ſurveying croſſes, caſes of 

- inſtruments, telefcopes, plain tables, theodo- 
lites, &c. 


A camplete apparatus for an officer, in a box 21 _ 


0 


Inſtruments for Navigation. 


Caſes of inſtruments, and teleſcopes of different 


. kinds, ſizes, and prices 
Night teleſcopes, from 11. 11s. 6d. to —— 2 
pera glaſs for the ſame purpole 


cape with an eye-glaſs micrometer, for de- 


Hadley's {ang in mahogany frames 
Ditto in black ebony frames — 

Hadley's ſextant in wood — 

Ditto in braſs, on the moſt improved plan, from 
111. 118. to — —— 

Pate ſteering compaſs, with improvements 


night's azimuth dito | 
itto on friction wheels — 1 
arine barometers; by theſe ſtorms have been 


foretold at ſea ſome hours before they happened 
Circular in ſtruments, to anſwer the purpoſe of ibe 


ſextant Ss 
Pipping needles, from 121. 128. to _ 31 


s 


Inſtruments for Electricity. Fe 


A ſmall electrical machine, with a ſelect apparatus 8 


An electrical machine and medical apparatus in a 
box; the machine is mounted in a plain but 


ſtrong manner, and ſo as to act with power; the __ 
apparatus is the moſt convenient and fimple . 
Ks hitherto contrived for medico- electrical purpoſes 6 6 

| {7 r Ditto 


24 


5 n Own 


* l 


10 0 


— 
— 
So 
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| . „ 4. 
Ditto with an additional apparatus lately contriv 


for more eaſily giving partial ſhocks  — T 159 1, a 
Improved electrical machines, from gl. 1gs, 6d. to 0 
Electrical batteries, from 2l. 128. 6d. to n een 
Electrical jars of different ſizes Fo DB a dh putts 
Ditto with an electrometer affixed to hom $3 0 18 6 
Medical bottles, with a tube for qualifying. the 15585 
ſhock 7 6 
Ditto mounted with a diſchargin rod, and an 
electrometer, on an improved plan, for giving 
the electric ſhock _ 5 
Directors with glaſs handles for medical purpoſes o 10 6 
w ointed diſchargers with glaſs handles —— © 10 6 
lain diſcharging rods — 88 
An univerſal diſthargerand preſs — 1 11 6 
K innerſly's electrical thermometer  —— 1 1 9 
Quadrant electrometer — 1 8 
Cavallo 's atmoſpheric electrometer, from 155 10 1 9 
Ditto, with additions by De Sauſſure— 1 11 6 
Bennet's gold leaf electrometer o 18 0 
An apparatus for making Canton's and Wi Wilſon's. 5 
experiments on electric atiraction, K. 1 5 a 
Compound apparatus, 56 49, plate III. of my 25 
. eſſays on electricity; by this apparatus a great ö 
number of neat and calafaBory 3 . 
- "3+ performed . | 3 3 © 
| Dito without the exhauſted flaſk and e 8 
Leyden vacuum — "0 20-0 
Pandas conductors „FFF 8 
Spiral tubes, from 4s. 6d. to o 10 6 
Sets of ſpirals, ſee plate V. 8. bs, of 1 cas Yo. 
on eletricity - 1 11 6 
Luminous words, cn 108 6d. TT apron NR et. 6 
Spotted bottle C = o 9 o 
Belted bottle, plate III. fig. 16-7 { 0 
Double bottle, a pleafing and uſeful part of an ; 
- eleQrical| apparatus, to r a clear idea of. the | 
Franklinian theory. as £ 5 © 
Plates and ſtand for dancing, images, +, Piuh images, (A. 
and pith balls . N 1785 OY x 
An artificial ſpider 3 1 5 A rette FT 
A ſmall head with hair i e ie en 


An electrical piſtol for eum. a 1 8 Fn 6 
"On mounted 3 in ſets | ; ODEs 


3 md W 
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5 An electrical cannon for gunpowder 


A thunder houſe — — - 9-16 
Ditto with a drawer ' + . 9.0 
A powder houſe, fig. 89, oo V. 3 0 16 
A pyramid, fig. go, plate V. 5 o 15 
Nicholſon's revolving doubler — 3 3 


A bone ball, and a ball of box wood fitted on braſs 

Oe: 5 1 

Electric flyer and points 

A plain fet of bells, fig. 17, plate II. 8 

Five bells mounted on a ſtand, fig. 18, plate II. 0 18 

A ſet of muſical bells, fig. 19, plate III. 1 
a 6 


Magic picture — 
Electrical ſtools, from 8s Ed. to  —— _. -- 
An ele&rophorus, from 16s. 6d. io — — 


E, 


An apparatus for explaining the principal phe- 


nomena of magnetiſm, from gl. 35 to 15 15 & 
Magnets ; SR 3 | | 
Small compound magnets _ | Et 
Hocielboe magnets: ” Oo o- . 
Compound ditto, from 155 to — 21 Dd. d 
Dipping needles from 121. 128. tio — 31 10 @ 
Variation compaſſes, from 21. 128. 6d. io 2 © © 


Inſtruments for Experiments on Pneumatics. 


A ſmall fingle-barrel air-pymp 5 


4 & 
A ſmall double-barrel ditto — — 4 14 6 
A larger diito — 6 16 6 
A table air pump — — 10 10 „ 
The American double barrelled air pump, the 
lateſt improvement on this inſtrument, in which | 
the ai? receives no impediment from the action 
of valves or cocks, exceeding Smegton's in accu: 
© racy. and ſimplicity, and 2 ſuperior in both 
eipects to ſeveral later contrivan ces 
145 1818 „ 


O O 


% G 0 


Apparatus for Experiments on Magnetiſm. 
j ; 73 #4 f 5. 
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4] 5 
A NG oe this may be, if deſired, TY 5 
bined with the former, but the eee and g 
practical experimentaliſt. will find many ad van- 
tages in . them detached from one another 


Apparatus for an Air Pump. 
The magdeburg hemiſpheres, from 128. b 1 11 $ 
A flat plate and collar of leathers for placing on l 
open receivers 0 16 6 
Guinea and feather paratus, for e e ee gg bel 
on the reſiſtance of che air, from 18s, to y- 11 8 
A ſet of mills for ditto | — % 12 6 
A ditto on a better conſtruction — 55 
Bell apparatus, for ſhewing that a vacuum does not 1 8 
communicate ſounxegeꝛ —b 0 5 6 
Ditto on a better conſtruction 
Ditto with wheel-work, by which the bell my be . 
put in motion or 3 ao at pleaſure 5 13 6 
A new apparatus for ſtriking flint and ſteel in Views 


An apparatus for firing gunpowder in vacuo 


\ — ; 0 
S # « 9, 


A copper bottle, beam and ſtand, for weighing of air 3 5 0 
A box, bladder, and lead weights, to | ſhew the elaſtic bin 
power Gf the air e gt RI» & 15 6 
Ditto on an improved 8 9 18 -9 
A model of a pump, Mallasag at _ fame time 


the nature of pumps, and a that there is no 


thing as ſuction „„ 5 „ 
Kahl eee and plate, which clearly evinces bun 


that receivers are kept on the pump by preſſure, 


not ſuction 5 P11... © 12 0 
A filtering cu; > 10:6; © 
A plate and «8 of wood” — 9 9 185 6 
(The two laſt articles arefor ſhewing u the poroſny 0 
0 of vegetables) © * | V 
The torricellian experiment FCC ; : A. pd 
Fountain in vacuo” . — » 5,6 
Ditto on a Sfferent eonſtpaction —ů— ͤ0 0 
Lungs glaſs- — — „% 5. 6 
Ditto on a different conſtruction 35 
A  Gugle transferer mY and 42 a Wini e 


T 
O 
| © Ws A double 


— 


Rain guages 


A double transferer, for communicating;a ' OED 


A- CATALQGUE- OF- INSTRUMENTS» 13 


Le „ 
rom one receiver to another 7 1 5 0 

A burnt air pipe, for experiments on infected air E 1 

An e to illuſtrate the lateral preſſure of the 


Breakin ſquare nd cage 

A ſmall blader and lead weight - „„ 
A ſmall ballance beam and Rand” "og 7 4 
Ditto on an improved. conſtrution Tn on 
Receivers of 55 erent ſizes | 


_ 
— 


Meeorologica Inſtruments. 


. 80 


A plain portable barometer _ _ 
Ditto with a thermometer a 
A plain barometer, covered frame and glaſs. door 
Ditto with a thermometer | 
A barometer with a long eflindtie thetmonieler” 

A ditto with ditto, and De Luc's hygrometer 
A barometer and thermometer, with a guage, | the. 
indexes moving by rack-work — 
A barometer for meaſuring the N of moun- . 
+ tains, &c. 3 
Marine barometers Ys 
Diagonal, wheel, and Natical aroma” 8 wy = 
Fahrenheit's thermometers, from 11. 18. to ** 
Ditto for botanic purpoſes F N -- + G2 
Ditto for the brewery _ 5 3 
De Luc's hygrometer; theſe are the as HEY 5 
ments by which comparative obſervations can be 
made on the Airs wr and moillure of the air, 
from gl. gs. to 


5 |" oe 
GW D 


a 8 


* 


a 0.0 OOO o 


1 
$8. 
2 
3 
4 
7 
5. 


1 Na” 
— *. 
* . 


5 2 A 


we : 
* * . * . - 


— 8 

Dr. Lind's wind guage : | . . b 

Hygrometers with che beard of ths wild oat . 60 10 6 

Fontana's eudiometer for aſcertaining, the War Bet 
of the ai: . eos 


9 = 1 .i># + 


| 
| 
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Inſtruments for ill uſtrating che Mechanic 
: Powers, -the Laws of Motion, Ce. | 


.. 


A conciſe apparatus | for illuſtrating che nature of 

© the balance, the pulley, the different kinds . 
levers, the inclined plane, the wheel and ax - 

. the ſcrew, a compound engine, and a compour 
lever; alſo, a double cone to move up an in- 
clined plane, and other pieces to ſhew the 82 
perties of the center of gravity, from 221. tio 26 5 © 

A ditto on à more enlarged [cale 

Atwood's apparatus for demonſtrating with accu- 

. Facy the laws of accelerated and retarded motion. 
111 is one of the moſt pleaſing and ſcientific inſtru:- 
ments in mechanics, as well from the variety of 

: e that may be made with it, as the 7 

accuracy with which they are performed 46 85 * 

A machine for illuſtrating the theory, of central 
forces; in this machine the times are marked by 

_ found, the fpaces are ſhewn by an index, the _ 
© errors 'arifin from friftion are ſo far leſſened as 
to be ſcarcely ſenſible 31 10 0 

Pullies of various combinations and conſtructions 7 

A ſmall carriage, inclined plane, wheels of differ- | _ 

ent ſizes, &c. for re on wheel carriages 

Roberyal's paradoxical ballance ; 

Cycloidal lever, ſee Emerſon's Wanke br. 8 

20, 25. | 76 4! . 
Compound Deelyard . : e e eee 

An apparatus for n iments on colliſſooeoeœn r 

Ditto for illuſtrating the compoſition ane refolution 1 0 

of motion | . 

Pyrometers | on various conſtructionnss . 

With many other articles and models for Spe FE 

riments on ay. pendu ums, &c. ioo 

; numerous to b * a ſmall catalogue 


4 


Inſtru- 
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Inſtrumems for Experiments in Hydroſtatic 
and Hydraulics, 


| * 
N Hydroſtstze ballances, from 2l. 28. to — 10 10 0 
Nicholſon's improved hydrometers, for N 
the ſpecific gravity of bodies 
Ditto for examining of coin 
A conciſe apparatus for experiments on 8 21 10 0 
An apparatus for ſhewin "g that fluids have weight · 
Ditto for ſhewing that the particles of fluids exer- 
ciſe their preſſure independently one of the other 
Ditto to ſhew that fluids preſs in every direction 
Ditto to demonſtrate the lateral preſſure of fluids 
Ditto to ſhew that, ceteris paribus, the ee of fluids i is a5 
their perpendicular height 
The hydroſtatic paradox 
he hydroſtatic bellows | 
Apparatus for illuſtrating the ho of preſſure and 1 
tween heterogeneous fluids | 
Ditto for illuſtrating the action of fluids upon DOS. im- 2 
merſed in them 
An apparatus for experiments on ſpouting fluids 1 75 
Hydrometers for proving ſpirits, from 11. 118. 6d, to 4 14 6 
An apparatus for making . on capillary tubes 
20 model of the diving bell | 
A glaſs model of the lifting pump 
A A de of the liſting and forcing pump 
Hiero's fountain in copper japanned + 
Ditto double 
Fountain of command 
A japanned copper ddtgein to act by condenſed air with „ 
variety of jets : 
Apparatus for 6 e on 6 Een 
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